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   ABSTRACT: The Lake ChaRy complex, located in Western Siberia, consists of the large

   shallow lakes with an average depSh of abottt 2 m. The }ake area fiuctuates according to water

   level that depends closely oR the amount of iRfiow (snow-melt) and tke evaporasion, since the

   lake complex has no outfiow river. Based on NOAAfAVHRR satellite normalized diffbrence

   vegetation index (NDVb data of the ice-free periods in 2000 and 2001, we eval:ated the

   seasonal changes in the lake area and the sgrrounding vegetations of the Lake Chany complex.

   In Iate April or early May, the maximum lake area was observed and the lake area decreased

   drastically until late May or early June. T}ien, the }ake area decreased gradually from early Jtme

   to late Aug"st. Tke lake area in August was about 70 9'6 of the maximum. TheR, the area tends

   to inerease by early October. Compared with the grouRd truth in August 2001, the seasonally

   fiuc£uated areas on NOAA images corresponded to tke vast vegetations with severa} km in width

   of reed (Phragmites commztnis) stands which seem to be infigeRced by the inflow of snow

   meltwater aRd the growth of reeds.
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Entroduction

  The Lake Chany complex is situated in the Barabinsk steppe between the rivers Ob and Irtish in westerg

Siberia at an elevation of le6 m above sea level. The average depth is about 2 m with a maximum of 8.5

m. The infiow from the rivers Chulynk and Kargat is mainly (91 per cent) supplied by snowmelt, whereas

there is no ou£fiow river frorr} tke Iake complex. The lake area fluctuates according to the water level that

depeRds c}osely on hydrological fiuctuations in tkis region (A}adin aRd Plotnikov l993).

  Using the NOAA satellite normalized difference vegetation iRdex (NDVI) data of the ice-free periods in
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2000 and 2001, we eval"ated the seasonal changes in the lake qrea and the surrounding vegetations of the

Lake Chany coinplex. Furthermore, we compared NOAA images with the data from £he ground truth in

August 2001.

Materials anct Methods

  The Lake ChaRy complex is located between 54"30'- 55e09'N and 76048' - 78012'E. The lake

complex consis£s of the Bolshye (large) Chany, the Malye (small) ChaRy, and She Lake Yarkul, which

are connected with channels. The Bo}shye Chany coRsists of fogr sectors. The western part (YUdinskyi

pool) of tke Bolshye Cliany is now isolated by dams, and this section is almost dried up. The otliers are

Chinyaikhinskii pool (southern part), "fagano-Kazan£sevskii pool (central part), and Yarkov pooi (easterR

part). The endorheic catchmeitt area is about 30,OOO kiR2. The climate is continental. The duration of ice-

covered is between the beginniRg ofNovember aRd the eRd ofApril (AladiR and Plotnikov 1993).

  Tke NOAA data from Advanced Veyy High Resolution Radiometer (AVHRR) is received at the Siberian

Branch of the RussiaR Academy of ScieRces (SB RAS) in Novosibirsk, Russia to study the Siberian envi-

roRments aRd £he changes. A direct computer Retwork named VSArl" systera using RussiaR communieation

satellite is connec£ed between T;ohoktt University iR Sendai, Japan and SB RAS. rfo construct the Siberian

Image Database, the received NOAAIA]VHRR data are transferred to 'I"bhoku University by VSAr system

(Kudoh et al. 2001).

  Tke clear images witho£it clouds above the Lake Chany were selected firom the lmage Database of

NOAA-14 satellite iii 2000 and 2001. We gsed tlie images frQrn April 25th to October 6th in 2000, since

the ground was covered with snow before the late April and there were not good images for the analyses

after the early October d"e to cloudy weather in the winter season. In 200i, several images from April

20th to September 24th were avaiiabJe for the anaiyses. We estimated the lake areas form the images ofthe

norirnalized ditiference vegetationindex (NDVI) derived from NOAAIAVHRR data. NDVI, which is the

most well-kRown vegeta£ion index, combines spectral data of chaRnel l (580 - 680 Rryt, visible) and chan-

nel 2 (725 - 1100 Rin, near infrared): NDVI :(chaRnel 2- chanRel 1)1(channel 2 -l- channel 1) (Tucker and

Seilers l986). We evaluated the lake surface using two cases of ranges in NDVI value. The case 1 is the

range from -1.0 to -O.1 aRd the case 2 is the range from -1.0 to -O.06. The numbers ofthe pixeis classified

by the NDVI values ofthe case l and 2 were counted,

respectively. One plxel of the image corresponds to

1.I km x 1.1 }(m on the grouRd.

Re$uEts and Discus$ion

  The examples of NDVI images of the Lake Chany

on May 12th and August ist iR 2001 are shown in Fig.

1. Tke black parts iR tke NDVI images correspond

to the }ake surface areas. From the NDVI image on

May l2th, the land area between Yarkov pool and
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    l. NDVI images of the Lake Chany on May

l2th (A) and August lst (B) in 2001. The sectors

a, b and c correspond te tke Bolskye Chany and

the sector d is the Malye Chany. a: Yarkov pool,

b: Tagano-Kazantsevskii pool, c: Chinyaikhinskii

pool. Bar: 20 km.
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'IletgaRo-KazaRtsevskii pool aRd the channel area between Chinyaikhinskii pool and tke Malye Chany look

narrow cornpared with the image oR August lst in 2001. Accordingiy, £he lake surface areas of 1['agano--

KazaRtsevskii poo} aRd Chinyaikkinskii pool on May 12tk were larger than those on August lst, whereas

the }ake area oftke Malye Chany did not chaRged between two images.

  'Ib estimate the lake surface area, we compared two cases of the NDVI ranges. Using the range of case

1 (frorn -l.O to -O.1), the large bays with about 2 km in width were not recognized on the NDVI images.

Therefore the case l tends to underestimate the lake surface by comparison with the observation of £he

ground trutli in August 2001. Using wider range of the case 2 (from --l.O te -O.06), additionai pixels with

NDVI values from -O.l to -O.06 coyresponded to the areas of the skorelines and the large bays. Hence we

adopted the NDVI va}ues form -l .O to -O.06 (the case 2) fbr estimation of the lake surface.

  Figure 2 s}}ows the seasonal changes in the lake surface areas of the Lake Chany expressed in square

km. IR early May 2001, the maximum lake area (1747 km2) was observed. The lake area decreased drasti-

caily to l248 km2 uRtil late May and tken decreased gradually to l107 km2 from late May to early AugList.

The lake area in August was about 70 % of the maximum. On the contrary, the lake area tends to increase

from August to late September. Although we have Ro data of July and August in 2000 due to the trouble of

the VSas system, the seasonal chaRges of the }ake area ln 2000 were similar to those in 200l .

  In late April, the 2ooo

snow in the catchment
                          1750

area thawed and the Area
iReitwater run into (kM2) ll!g ./

              Thethe Lake Chany.

                          Iooe ,runoff may explain                              Apr May 3un jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct
                                      2000 2001the maximum area of

                      Fig. 2. The seasonai changes in the water area of£he Lake Chany in 2000 and 200l.
the lake surface in late

April or early May. As spring proceeds, the evaporatio" from tke lake seems to reduce the water level, and

then the lake surface area may decrease. From }ate August, the water level may rise due to tke cloudy or

rainy weather iR autumn.

  In the seasonaliy fiuctuated areas oR the NDVI inkages, the reed (Phragmites commblnis) communities

are situated at the shore margins and fbrmed vast vegetation of several km iR width. It maay be piausible

that the vegetations ofreed were covered with snow iR wiRter season and then aboveground bodies ofreed

lay down iR the water duriRg early spriRg. Ifso, soryie ofthe reed communities may be recognized as }ake

surface on the NOAA image. The rapid growth of the reeds which lay down in the water may cover the

lake s"rface. ConsequeRtly, the rapid decrease oflake area in spring season may be observed.
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