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ABSTRACT

MODIS global Land Surface Temperature (LST) and Emissivity 8-day L3 Global 1 km and surface air
temperature data measurements of different meteorological stations were used for analysis of snow cover in
Georgia. It was shown that application of snow cover map correction algorithms based only MODIS Snow
product data and algoritms with addition of LST and surface air temperatures give almost the same result. It
was supposed that for snow cover map correction MODIS snow product data are quite enough and no
additional correction is nessesary.
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The 8-day composite MODIS Terra snow product (MOD10A2) was used for snow cover analysis in
Georgia for 14 hydrological years (September 2000- June 2014) [1]. The snow products were generated by
the NASA Godard Space Flight Center and made available by the National Snow and Ice Data Center
(NSIDC), Colorado, USA [2].In the MODIS Terra snow product (MOD10A2) Snow covered areas are
mapped as a Maximum Snow Extent. The second dataset of MOD10AZ2 files, Eight Day Snow Cover was
used to correct contaminated pixels.

It should be noted that the MODIS 8 day composite snow products must be handled carefully. Fig.
la shows that in the image of snow cover for September, 2010, there are some “contaminated” pixels,
corresponding to the snow covered areas in Kolkheti region.Second dataset of MOD10A2 snow data, Eight
Day Snow cover Gives possibility to make some corrections. Applied algorithm supposes, that pixels marked
as “snowy” with duration of only one day may be marked as “cloudy”, i.e. free of snow pixels.

From the other hand, application of discontinuities enhancement Laplace filter (3x3) to the snow
cover map detects border of snow cover area. Resulted border may be layed over Terra Aster DEM
(preliminary downgraded to MODIS Terra snow product spatial resolution — 500 m).Resulted border was
layed over Terra Aster DEMand histogram of border pixel elevation may be obtained. Therefore the stable
snow border mean elevation may be determined.

Application “one day snow pixel” algorithm on snowy pixels with elevations less than stable border
mean elevation cleans “dirty pixels” and gives much more better result, represented on the Fig. 1.b.

Additional correction may be performed with application of ground measurement data, snow
observations and especially air temperature distribution. This kind of correction also gives possibility to filter
contaminated pixels and get more correct results.

For this purposeLand surface temperature satellite data and the air temperature ground measurement
data were used.MODIS global Land Surface Temperature (LST) and Emissivity 8-day L3 Global 1 km
(MOD11A2) data were applied for analysis of land surface temperature fields [3]. Air temperature data
measurements of different meteorological stations in the East and West Georgia were used also.

The September-June of 2010-2011 hydrological year Air temperature measurement data of 9
meteorological stations were kindly provided by by the National Environmental Agency of Georgia (NEA).
Geographical coordinates, also altitudes of these stations are shown in Table 1.
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At all mentioned stations air temperature measurements are provided 8 times per day
(00.03.06.09.12.15.18.21 UTC). The MODIS local passing time is about 10:30 and 22:30 and we selected
corresponding surface observation data measured at 06:00 and 18:00 UTC.

Table 1
No Station name Latitude Longitude Elevation
1 Kutaisi 42°16° N 42°38" E 116
2 Zugdidi 42°30° N 41°53 E 117
3 Thilisi 41°45°00”° N 44°46°10" E 428
4 Bolnisi 41°27° N 44°33 E 534
5 Ambrolauri 42°31° N 43°09" E 544
6 Telavi 41°55'41”" N 45°3044” E 566
7 Gori 41°59" N 44°07 E 612
8 Pasanauri 42°21° N 44°42° E 1064
9 Mtasabueti 42°02° N 43°29° E 1245

Investigation of statistical relationship between 8-day Terra MODIS LST and meteorological data of
surface air temperature were performed by using 280 observation data of 9 meteorological stations for
September-June period of 2010-2011 hydrological year. Mean air temperature for each 8-day MODIS LST
dataset were calculated from daily surface air temperature measurements and only clear sky data were taken
into account. Results of Linear regression analysis is given on Fig. 2

The estimated air temperature values were calculated according to the regression equation and
corresponding temperature maps were created. Both MODIS LST and estimated air temperature data were
used for snow cover map correction analysis.

Application of LST and estimated air temperature (T,) parameters for Snow cover map correction
and “dirty pixel” clearing supposes use of “one day pixel” filter for LST > 0 °C area. Fig. 3 shows results of
all applied corrections.

Comparison of Fig.1, Fig 3 and Fig. 4 shows that there is no significant difference between results of
application of “dirty snow pixel” filter algoritms based only Tera MODIS Snow product data and algoritms
with addition of Terra MODIS LST and surface air temperature meteorological data.

a. Before correction
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b. After application of “one day snow pixel”, “stable snow line elevation” algorithm

Fig. 1. Snow Cover images 2010, 16 of October, before and after correction
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Fig. 2 statistical relationship between 8-day Terra MODIS LST and meteorological data of surface air
temperature
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a. “One day snow pixel”, “LST >0 °C”
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b. “One day snow pixel” and “To> 0 °C”

Fig. 3. Result of application of “one day snow pixel”, “LST > 0 °C” and “T¢> 0 °C” algorithms on 2010,
16 of October snow cover image

38



[ ] 2ncw M Clovd M Snow free
B Lak: I Ocean [ Modata

a. “One day snow pixel”, “stable snow line elevation” and “LST > 0 °C”
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b. “One day snow pixel”, “stable snow line elevation”, “LST >0 °C” and “T,> 0 °C”
C.
Fig. 4. Result of application of “one day snow pixel”, “stable snow line elevation”, “LST > 0 °C” and “To>
0 °C” algorithms on 2010, 16 of October snow cover image.
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L5doMM39WML MMZol LOFsOOL 9b5¢P0Bol doBbom sdmygbgdmemo odbs MODIS bgblmeols
939896000 Hgs3060L 3H9a396M5EHIMHoLs s Fodmbboggdol 8-osbo yermdsw Mo L3 mbol 1
30 LogmEoMO  F9MRI3000MBOL s 9ROINZ)  FIAHINOMEMAOMMHO  LOYMMGIOL 35900l
3993965 O0L 2530l IMbs3gd900. Bsh39b9d0 0dbs, md Abmermeo MODIS bgbbm®ol mmgzeol
Loggo®mol  dmbo390900L  Loxgdzganby  2obbmM309gdEo  3mM9dBHOMIOOL  SEIRMOOMTYBO S
939839600 Bgs30moly o 9GHIMLGIOMEo 35900l 3H9a3gMeG ol 2odmygbgdsby
5537369090 5EMMH0mMIgdOL  Fg9pg00  0mJIolL o6 2oblb3s3wYds  JMT6gMOLSY6.
900900 890093930L 05bsbTs, mMm3wol Logs®mol 3mMgd@oMmgdol dobbom MODIS Lgblm®ols
0M3wob byRsMol Imbs379900L 458mYghgds Loglgdom 15335MOLOs S WITEHIO0O 30MHYIGHOMYdS
330009090 56 SMOU.

IlpyuMeHeHNe JaHHBIX TeMIIEPATYPbI MOACTUIAIOIIEH TOBEPXHOCTH
MODIS un MeTeopo10rHYecKNX JAHHBIX TEMIEPATYPHI BO3AyXa sl
aHAJIM3a CHE:KHOI0 MOKpoBa I'py3un

I'.A. Taypu, H.H. Jlomunze, T. . Jxunnmxxonus, K.[Ix. Kopunse

Pe3rome

Jnst aHanu3a cHesKHOTo MoKpoBa ['pysun 0butn ucnionbs3osansl Janasie MODIS LIST u mereoponorndeckue
JIAaHHBIE U3MEPEHHI TeMIIepaTypbl aTMOCPEPHOTo BO3/IyXa Y 3eMHOM TOBEPXHOCTHU. BBIJIO ycTaHOBJIEHO, YTO
pe3yiabTaT MPUMEHEHHUS aJrOPUTMOB KOPPEKIIMU KapT CHEXKHOTO MOKPOBA, OCHOBAaHHBIX TOJBKO Ha JaHHBIX
JMICTAHIIMOHHOTO 30HMPOBaHUSI W aJITOPUTMOB C NMPHUMEHEHHWEM JAaHHBIX TEMIIEPATYPhl IMOJCTHISIONIEH
MOBEPXHOCTH 3€MJIH M TEMIIEpPaTyphbl BO3MyXa y MOBEPXHOCTH 3€MJIM HE3HAYMTENBHO OTIMYAIOTCA. BbUTO
MPEIIONIOKEHO, YTO AJISi KOPPEKIMK KapThl CHEKHOT'O MOKPOBA BIOJHE JOCTATOYHO NMPUMEHEHHE TOJIBKO
naHHbpix MODIS 1 HeT He00X0JUMOCTH B MPOBEICHUH JOTIOJIHUTEILHON KOPPEKIINH.
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