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MOHUTOPHUHI BBIPYBOK JIECOB 110 KOCMOCHHUMKAM

According to the data presented by the Brazilian government, the indicator of
tropical rainforests felling of the Amazon River increased by 28% from August,
2012 to July, 2013 — 5843 square kilometers of the tropical forests were destroyed.
For this increase, environmentalists blame slackening of sanctions imposed on
companies dealing with development of infrastructure, including building of dams,
dikes, highways and railroads.

There are several causes speeding up felling rainforests of the Amazon: in-
crease of export of Brazilian beef (60% of the deforested land is used for cattle
breeding); ever growing manufacture of soy beans and cereals in Brazil; commer-
cial and illegal logging; commercial and illegal manufacturing of charcoal; unsanc-
tioned expansion of pastures; construction of big enterprises and electric power
plants, expansion of cities, etc.; construction of new highways and railroad; illegal
growing of coca bush in Columbia.

Felling forest in the Amazon basin is a global problem because the Amazon
rainforest plays a key role in the hydrological and climate systems of the Earth and
strongly influences the global climate. Forests absorb around a third of the carbon
emission from burning fossil fuels (they take out of the atmosphere approximately
2.4 billion tons of carbon a year). In order to reduce the pace of the climate change
at least a little, felling of the Amazon rainforests has to be minimized.

For the vast forest territories of the Amazon, characterized by the wide variety
of species and difficult access, the most efficient way of monitoring is the use of re-
mote sensing satellites. Modern earth observation satellites are capable of providing
the most prompt and reliable information about the current state of the forest and
economic activities related to it on any most remote territory, which is unachievable
with observations on the ground. The main purpose of the satellite monitoring is
control over compliance with the main requirements of the legislation on wild and
protected forests, as well as compliance with the rules of forest exploitation.

The main tasks of satellite monitoring of the Amazon rainforests felling are:
detection of territories and determination of areas of illegal felling; detection of vi-
olations of acting rules in allocating of plots for industrial or sanitary felling;
monitoring of the activities on the territories damaged by rainforest felling; analy-
sis of consequences of the felling — monitoring of the dynamic and nature of
changes (soil erosion, restoration of vegetation, swamp formation, etc.).

HaBeneno pesynbratu oOpoOKHM Ta aHamizy 0araTroCeKTpaJbHUX CYMyTHHKO-
BUX 3HIMKIB CEPEJHBOI0 1 BUCOKOT'O MPOCTOPOBOIO PO3PI3HEHHS 3 METOIO OLlIHKU
JUHAMIKH 1 HaCiIKiB BUPYOOK TPONIYHMX JiCiB AMa30HKU Ha Teputopii bpasuii.
B xoai gocnipkeHb BUSIBIICHO CYTT€EBI MOIIKOHKEHHS JIICY BHACIIIOK CUCTEMATH-
YHUX OaraTopiYHUX BUPYOOK Ha 00paHiil TepUTOPii MOHITOPHHTY.

1 . .

ﬂHenponempOGCKuu HAYUOHAIbHbIU YHUBEpCUmEem UMEHU Onecs Fo:—mapa
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Beenenue

[lo maHHBIM, PEAOCTaBICHHBIM Opa3WIBCKUM MPABUTEIBCTBOM, MOKa3a-
TeJIb BBIPYOKM TpONMYeCcKUX JiecoB Ama3zoHkH ¢ aBrycra 2012 roma mo Hrosb
2013 rona Beipoc Ha 28 % — ObLIM YHUUTOKEHBI 5843 KBaJpaTHBIX KUIJIOMETPA
TPOIMYECKOTO JIeCa.

OCHOBHBIE NPUYUHBI, YCKOPSIOLIIUE BBIPYOKY TPOMUYECKUX JIECOB AMa-
30HKH:
— YBEIWYEHHE JKCIOpTa Opa3uiabCKoil roBsiauHbl (60 % JIHUIIEHHON JIECHOTO

MIOKPOBA 3€MJIM UCIIOJIBb3YIOTCS JUIsl pa3BEJICHUSI POraToro CKOTa);
— IIOCTOSIHHO PacTyIlee IPOU3BOACTBO COM U 3€PHOBBIX KyJIbTYp B bpaszwimu;
— KOMMepuecKas U OpakOHbEpCKasl 3ar0TOBKA JIPEBECUHBIL;
— KOMMEPYECKOE U HEJETaIbHOE MPOU3BOJCTBO APEBECHOIO YIJIS;
— HECaHKUMOHHMPOBAHHOE pPaCUIMpPEHUE TUIOIaAei macTOuIIL;
— CTPOUTEJIBCTBO KPYMHBIX MPOU3BOJCTB, AIEKTPOCTAHLMMN, paClIMPEHUE TI'O-
POJIOB;

— MPOKJIAJKa HOBBIX aBTOMArucTpaieil 1 KeJIe3HbIX JI0POT;
— HeJerajibHO€ IPOU3BOJICTBO KOKaMHOBOIro Kycta B Koymoumu.

BripyOka neca B OacceiiHe AMa3OHKM — 3TO TJIoOalibHAasi pobsema, mo-
TOMY 4YTO TPONHMYECKHI Jec AMAa30HKH UTPAET KIKOYEBYIO POJIb TUIPOJIOTHYE-
CKOM M KJIMMAaTUYECKOM CHCTEMBI 3€MJIM M OKa3bIBAECT 3HAYUTEIBHOE BIIMSHUE
Ha MUpPOBOM knuMmar. Jleca morjaomaroT IpuOIU3UTENbHO OAHY TPETh YMUCCUU
MCKONIAaeMOro TOIUIMBA (MpUOIM3UTENBHO 2,4 MUITMapaa TOHH YIJepojia exe-
TOJTHO OHHU BBIBOJAT U3 atMocdepsl). Y 17 Toro, 4To0bl XOTh HEMHOTO CHU3UTH
TEeMIIbl U3MEHEHUs KJIMMarta, riiodaibHasi BRIpyOKa TPOMUYECKUX JECOB Ama-
30HKHU JIOJDKHA OBITH CBEZIEHA K MUHUMYMY.

IHocTanoBka nMpooIeMbI

JI7ist OOMIMPHBIX JIECHBIX TEPPUTOPUNA AMA30HKH, OTIMYAIOIIMXCA TPY/I-
HOJIOCTYITHOCTHIO, HanboJsee 3pPEeKTUBHBIM SBISETCS MOHUTOPHUHT C UCIIOJIb30-
BanueM cryTHUKOB /33 [1] — [5]. CoBpeMenHbIe criyTHUKH J[33 1O3BOJISIOT 110-
Jy4yaTh HauboJjee OMEepaTUBHYIO M JOCTOBEPHYIO MH(OPMAIMIO O COCTOSHHH
JIECOB U CBSI3aHHON C HUMHU XO3SHMCTBEHHOH IESATEIHLHOCTH Ha JIIOOOM CaMOM
yIaJICHHOH TEPPUTOPUHU, YTO HEAOCTIIKAMO IPH HA3EMHBIX 00CIeI0BaHUAIX
[6] — [9]. OcHOBHO# 1I€)IbIO CIIYTHUKOBOI'O MOHHTOPHHIA SIBJISETCS KOHTPOJIb
COOJTIO/ICHUST OCHOBHBIX TTOJIOKCHHUI 3aKOHOJIATEILCTBA TI0 OXpaHe JAWKUX W 3a-
MTOBEHBIX JIECOB, a TAK)KE MTPABHUJI JISCOTIOJIb30BAHUS.
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eab ucciaenoBanui

OcHOBHBIEC 3aJ]Ja4u CITyTHUKOBOTO MOHHMTOPUHIA BBIPYOOK TPOMUYECKUX

J1€cOB AMa30HKU:

— O0OHapy)XeHHE TEPPUTOPUU W OMpeNeTeHUE TUIOMAACH HE3aKOHHBIX PYyOOK
jeca;

— BBISIBJIICHUE HAPYIICHUM JEUCTBYIOIIUX MPaBUJI MPU BBIACICHUU YYaCTKOB
1O/ IPOMBIIIJIEHHBIE WM CAHUTAPHBIE PYOKH;

— KOHTPOJIb ACSATEILHOCTH Ha TEPPUTOPUSIX, MOCTPANABIINX OT BBIPYOKHU Jie-
COB;

— aHaJu3 MOCJEACTBUU BBIPYOOK — MOHUTOPUHI JUHAMUKHU M XapakTepa u3-
MEHEHUH (3pO3Hsl MOYBbI, BOCCTAHOBIIEHUE PACTUTEIILHOCTH, 3a00JIaYuBaHNe
U T.IL.).

Hcxoanble JaHHBIE IJIM HCCJAeI0BaHUH

B xone uccnenoBanuii Obl1 IPOBEJEH CIIyTHUKOBBI MOHUTOPHUHI BBIPY-

OOK TpONMUYECKUX JIECOB AMa30HKM B BbIOpaHHOM peruoHe bpasumun. OcHOB-

HbIe TpeOOBaHUSA K CIIyTHUKOBBIM CHHMKAaM, HCIIOIb3yEMbIM JJISi MOHUTOPHUHTA

BBIPYOOK:

— oOpaOaTbeiBaeMble CHUMKH JI0JKHBI OBITh HA OJIHY U TY € TEPPUTOPHUIO;

— CHHUMKHU JOJKHBI ObITh MTOJIyY€HBI B OJJUH U TOT Y€ CE30H;

— CBhbEMKa JOJHKHA OBITh MPOU3BEIECHA OJHOTHITHBIMU ChEMOYHBIMU CHCTEMa-
MU (CpaBHEHHE CHUMKOB BO3MOXXHO TOJIBKO TPU YCJIOBHUHM COOTBETCTBHUS
CHEKTPAJIBHBIX IMANa30HOB MCIIOJIb3YEMbIX ChEMOYHBIX CUCTEM);

— CHHUMKHU JOJDKHBI OBITh OJMHAKOBOTO WM OJHM3KOrO pa3pelieHHs, WHaye
CHUMKH OyayT coliepKaTh pa3InuHyI0 HH(OpMAIUIo 00 00bEKTaX.

Jl7is CITyTHUKOBOTO MOHHTOPHMHTA BBIPYOOK TPOMUYECKUX JIECOB AMa30H-

KA MOKHO MCIIOJIb30BaTh MYJIBTHCIIEKTPaIbHbIE CHUMKH CPEIHETO Pa3peIICHHsI

co ciytHukoB Landsat 7 (ceemounsiii ipubop ETM) u Landsat 8 (cbeMouHbIi

npubdop OLI) [10]. OHu umeroT cooTBETCTBEHHO 8§ U 11 crieKkTpaibHBIX KaHAJIOB

c paspemieHueM 15M (manxpomatuyeckuid kanain), 30M (KaHaibl BUAMUMOTO,

ommkuero u cpennero UK nuamazonoB) u 100m (kanans! ganeHero UK nuama-

30HA), PACTIONIOKEHHBIX B OKHAX MPO3PAYHOCTH aTMOC(HEPHI.

MeToauka uccjae10BaHuM

Jnst paboThl OBLIM MCIIOJIB30BAHBI MYJIBTHCIICKTPAIbHBIC CHUMKH 3a/1aH-
HOTO y4yacTka co cryTHukoB Landsat 7 3a 2002 r. u Landsat 8 3a 2013 r.
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Cuumku co cryTHuka Landsat 7 umenu HeOOJBIION MPOIEHT 00IaYHO-
CTH, a CHUMKH co ciryTHHKa Landsat 8 Obutn npaktudecku 6e3 oomagnoct. [1o-
3TOMY JUIsl KOPPEKTHOTO CpPaBHEHHUS PAa3HOBPEMEHHBIX CHHMKOB M TOYHOTO
ompeeeHus IO IM BRIPYOOK BO3HHUKIIA HEOOXOAMMOCTh MaCKMPOBaHUS 00-
JIAYHBIX ITUKCEIIEH.

JIyist BU3yalibHOM OLEHKH IUJIOIIAIU BBIPYOKH TPONMHYECKUX JIECOB OBLI
BBITOJIHEH CIIEKTPAJIbHBIA CUHTE3 C MCIOJIb30BAHUEM KaHAIOB BUaumoro u MK
nuana3oHoB (puc. 1).

(Y

a. Landsat 7, 2002 r. 6. Landsat 8, 2013 r.

Puc. 1. RGB-cunres kamamoB BumuMoro MK-mmamaszoHa mo CHHMKam
Landsat

Ha cunTe3npoBaHHBIX M300paKEHUSX YIACTKH BBIPYOOK OTUETIMBO BBI-
nensroTes Ha (OHE PACTUTENBHOCTH Oarojapsi MCHOJIB30BAaHUIO KaHAJIOB
UK-aguanazona.

NDVI paccuntsiBaercs o popmyne NDVI = (NIR - Red) / (NIR + Red).
[Topor Ounapuzanuu nHaxomutcs B npeaenax 0,2...0,4 w 3aBUCHT OT CE30HA
cveMku. Mcnonb3oBanue NDVI BMecTo KOHTposMpyeMoi KiacCupuKaiiu mo3-
BOJISIET TTOJTHOCTHIO aBTOMATHU3UPOBATh 00pabOTKy CHUMKOB.

ITo cpaBHeHuto ¢ knactepusanueii (Hampumep, ISODATA) ucnons3oBa-
Hue NDVI tpebyer ropa3no MeHbllle BpeMEHM Ha BBIUMCICHUSI M JIaeT OoJiee
YCTOMYUBBIN PE3YIIbTAT.
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Pe3yabTaThl HCCIE10BAHU I

I[J'ISI KOJUYECTBEHHOM OLCHKH IIJIOmaaun BI)IPY6KI/I TPOIIMICCKUX JICCOB

Obuta BBIMOJHEHa 00paboOTKa CHUMKOB 3aJaHHOTO YYacTKa CO CIyTHHKOB

Landsat 7 3a 2002 r. u Landsat 8 3a 2013 r., koTopast BKJO4ajia CICAYIOIINE

OTaIllbl:

o0pe3ka CHUMKOB TI0 TpPaHUIaM 33JaHHON TEPPUTOPUU;
dopmupoBaHre MacKku 0bJIadHOCTH IO CHUMKY Landsat 7 (puc. 2);
co3manue HHACKCHBIX n3o0paxkenuit NDVI o caumky Landsat 7 (puc. 3, a)
u 1o caumKy Landsat 8 (puc. 4, a);
IIOPOTOBYIO OMHAPHU3AIMIO HHICKCHOTO M300paXkeHus mo cHUMKY Landsat 7
(puc. 3, 6) u o canmMky Landsat 8 (puc. 4, 6);
MOpGOIOTHYECKYI0 (DUIBTpALIMI0 OWHAPHOTO HM300pAKEHUSI IO CHUMKY
Landsat 7 (puc. 3, ) u mo caumky Landsat 8 (puc. 4, 6);
BEKTOPH3AINI0 OMHAPHOTO M300paKeHUs, OMPEIeICHIE TPAHUI] U TUTOIIAIH
pacTuTeapbHOCTH 1o cHUMKY Landsat 7 (puc. 3,2) u nmo caumky Landsat 8
(puc. 4, 2);
dbopMHpoBaHUE PA3HOCTHOTO M300paKeHMsI, OMHAPHU3AIIMIO0, BEKTOPU3AIIUIO
Y OIpeJieJICHUE TPAHMUII ¥ TUIOIIAIU BRIPYOOK (puc. D);
BU3YyaJIM3AlMI0 U3MEHEHUN Ha HU(POBOM KapTe, 3anuch aTpuOyTOB OOBEK-
ToB (mromazaei BeIpyOok) B dbf-haiim ¥ 3KCHOPT BEKTOPHOTO CIIOS B
kml-gaiin.

[To mamueiM crmyTHHKOB Landsat, miomiane BBIpYOJISHHOTO Jieca Ha

HaO0JII01aeMOM TEPPUTOPHUH COCTaBHIIa OKOJIO 27 247 TeKTapoB.

Takxe ObUT MOBEJICH BU3yaIbHBIN aHAIN3 JUHAMUKU U3MEHEHUN TIOCJIE BhI-
PYyOKH TPOIUYECKOTO Jieca Mo/ MacTOUINA ¢ UCIIOIb30BaHUEM CITyTHUKOBBIX
CHHUMKOB BBICOKOTO pa3perieHus (puc. 6).
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a VcXomHbpIii CHUMOK 6 Pesynbrar knaccudukanuu

6 Pe3ynbTar 00beAMHEHMS KIIACCOB 2 Pe3ynbTar (husibTpayu 1o miomaam

0 Bexropuzanus rpanuit oonauHoctd e POpMHUPOBAHUE MACKH OOJIAYHOCTH

Puc. 2. ®opmupoBanre Macku 00J1a4HOCTH 110 CHUMKY Landsat 7
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a WnnexcHoe nzobpaxxkenrie NDVI 6 bunapnoe uzobpaxenue NDVI

6 OTpuibTpoBaHHOE OMHAPHOE
n300paKeHue

2 Bexroproe nzobpaxenne NDVI

Puc. 3. Dramns 006paboTku cHuMKa Landsat 7
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o

a Nunexcnoe nzobpaxenne NDVI 6 bunapnoe nzobpaxxenue NDVI

s AL

6 OTpunbTpoBaHHOE ounapHoe 2 BektopHbIi i (0)7 c MacKoOM
n300pakeHne 00J1aYHOCTH

Puc. 4. Dramnel 06padoTku cHuMKka Landsat 8



83

IHpunaou ma memoou KOHMmMPOINIW

7 A% “

a PaznoctHoe nzoopakenre NDVI 6 OrdunbrpoBaHHOE OWMHapHOE H300-

pakKeHHe

6 BexTopHoe n300pakeHne 2 BekTopHbli CIOM C  MackKou
00JIaYHOCTH

Puc. 5. Onpenenenve TpaHWI] M IUIOMIAAM BBIPYOOK MO CHHUMKaM
Landsat 7 u Landsat 8
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Ceexasn
ehLipybka nod
nacmbuwe

BoipabomaHHoe
nacmobuue

/’
Heltcmeyrouwee /
nacmbuwe

Heticmeyrowee

s nacmbuwye
\ Ceexasn

MoseneHue epipybka rnod
3acmpouku nacmobuwe

BripabomatHoe
nacmbuwe

Pacwiupenue 4
""" 3ACIMPOLIKU /

BeipabomakHHoe
nacmouwe
\)

Heticmayowee
nacmbuwe

e Pt

Ceexasn
ekipybxa nod
nacmbuwye

Puc. 6. I'panwntpl 3actpoiiku, BepyOok u mactoumnt B 2010 ... 2014 r.r.
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BoiBOABI

[TockonpKy BeIpyOKa Jieca B 6acceitHe AMa30HKH — ATO TJIOOAJIbHAS TIPO-
0JieMa, TO BO3HHKJIA OCTpasi HEOOXOJUMOCTh CO3aHus BEO-CITy:KObI peryJsipHO-
ro CIIyTHUKOBOI'O MOHUTOPHUHIA BBIPYOOK Tpornudeckux JiecoB. Celuac 3To cra-
JIO BO3MOXHBIM Ojaroaapsi JOCTYIHOCTH CIYTHUKOBBIX CHUMKOB M COBPEMEH-
HBIM T€XHOJIOTHSIM HX 00pabOTKH.

[Tonb30BaTENAMU TAKOH CITYKOBI MOTYT SIBIISITHCA .

— TOCYIapCTBEHHBIE KOHTPOJUPYIOIINE CTPYKTYPHI (HAA30p 32 CEIbCKOXO3SM-
CTBEHHOM, CTPOUTENILHON M MPOU3BOACTBEHHOMN AESITEIBHOCTBIO B pailoHax
TPOIUYECKHUX JIECOB);

— nosunus (6oprda ¢ OpakoHbEpaMH);

— ciy0s1 o nukBuaanuu YC (moxkapHas ciyxo0a;

— JlecHas ciyx0a (BbISIBJIEHHE HapylIEHUH JEHCTBYIOIIMX IPaBUII IIPU BBI-
JICJICHUW YYaCTKOB TIOJ] MPOMBIIIICHHBIC WA CAHUTApHBIE PYyOKH);

— MYHUUUIAJIbHBIE CIYXObl (OOBEKTUBHAS OLIEHKA MACIITA00B U TSHKECTH MO-
CJICICTBUI, OIIPEACIICHUE PEATHHOTO yillepOa OT BEIPYOKH JIECOB);

— DKOJIOTMYECKas ciiyk0a (MpoBeJEeHUE MEPONPUITHI MO BOCCTAHOBIICHHUIO
NOCTPa/IaBILINX TEPPUTOPUIL);

— TellepaJlMOKOMIIaHUM M JAp. CPEICTBa MAcCOBOM MH(popManuu (mpomnarasia
00pbOBI ¢ OpakOHbEpaMU U MPOBEJCHHUE AKIMI MPOTUB BBIPYOKHU TpoOIHYe-
CKHUX JIECOB);

— HaceJleHue, MpoKMBarollee BOIM3U TEPPUTOPUM, MOCTPAIABIIMX BBIPYOKH
TPONMHUUYECKUX JIECOB (MOydyeHHUEe OOBEKTHUBHOM M JOCTOBEPHOM MH(pOpMa-
IIUM OTHOCHUTENILHO MAcCIITa0OB M TsKECTH MOCIEACTBHI BBIPYOKH TPOTIHYE-
CKHUX JIECOB) — Han0O0JIE€ MacCOBBIN MOJIb30BATENb.
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