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Satellite Remote Sensing of Irrigation in the Aral Sea Basin using Multi-Spectral Sensors
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Synopsis

In the Aral Sea basin, due to severe drought and land salinization, land use annually

changes due to lack of water resource and local adaptation against salinization. However,

these changes have not been recorded in national statistics.

Therefore in this research, actual irrigated area was attempted to detect by satellite

remote sensing. Diurnal difference of surface temperature was utilized, because surface

heat capacity and cooling effect of evapotranspiration are different on irrigated area

comparing to surrounding arid non-irrigated zone. The diurnal difference of surface

temperature was from MODIS sensor which has 1km and 12 hours resolution. And

additionally, land surface model was utilized to remove climatic and geological changes

in temperature.

As a result, suggested ASTy;rr index could detect distribution of irrigated area in main

irrigated region in Uzbekistan and AST,;r; value was lower where irrigated area fraction is large.

Moreover, monthly and annual change of ASTy;rr was smaller from June to August in dry year.

F—"J— B R, MODIS, FEEIMBRET L, 7T MR
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1. [ZC&®IZ

FRT T OT Z MR TIE,  T201 k&R KO
RECHE) & T 2RAN 728K EIEE AT
L TV 5 (Glantz 2005, Micklin 2007). £ TH %
WL MR LZER L~V oI,
BEZRE LAV TH B R B E S R R 2 R T
SELEOKEEESEMLCND Z ERREIR
TV % (Toderich et al., 2008). HFiZH T VX7 A K
YEBHREICE TS T AL U TIHIT AL HH T
X, 20014F D ¥BKFIZAKEDI0%LL |, MIERE O
TS% N ARE L e oo Z R E STV DE Z &

{ZHN 2 (Frenken 2012), AFEIKILT T /LGN Tl
LRBEEBOFERRKE MUk EHESh TS 2
Eb b, EKITHIBOBREREREEE 2o TN 5.
Mz CEETHE, BREA#ERELYRRE Licgiio =
WHUBERPEZAE L TR Y, $EERIC L D HHE
JAEEHL & B80T % (Tbrakhimov et al., 2007, dbAt
5 2000, BFAT 1996). {5 T b HIHER OREN
WA e b S b TV 5.

Ok O IR TIR, HUBE - 4E D L ICEIRICE
BEORBEAEED N L L TRY, ZOEK -1
FEBWEOEREBEZP LT ILERDL S, L
L, & EETH 2D Yigik TITFIHATRE 2 7 — & 23
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RO, PHERFTHO >R 2, fmiEOER M
RPLRCVB KM O FEREIF B BB C BV T b R T
H5.

T ZTARMIZETIE, YEaKCHEERE O RN R
RURARFRE U ERMGRE LT, HEMNTZHWE
MR OREE A BRI & T 5. HERMATIC & 2%
D HEEIZ D W TS D DOBIENITE D & 5 23,
FARBS TEREASE 2RV CbORERTH D
(Bastiaanssen, 2000). L 7> L Mbugua et al. (2018)I%,
ARG ET DT ARXFZZ VENOT L5
TINT v 2 MR TrE, NN L @ T2 12
IR T L EREAENE > TB Y, MAERHTI
BN L A2 KA 3 2 2 &L W2 L &R
L7z, AT, KETETRARRBIZENVRHL Z L
ZFM LT, MODIS TR &4 2 Hi s fiil B2 o A k&
ZED D HRAE L IEFE OBV HRICXAITE S 2
LEAR LTz, UL, AFETIIRENE O MR DR
BE DD ROMITE 03 i W HIIR T ORI T A B E T
o Tz,

ORI TIE, KUE - MU ST & D K
S ECHIF IR O LA EEEEET LV THEAEL,
BEMITIC L 2B R L KT 52 LT, AHD
RUEMRIEIC L 2 R EIRE OB EZ R ET D Fik

Fig.2 Furrow irrigation in Uzbekistan
(Taken by author, 15" Jul. 2013)
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Fig.1 Aral Sea Basin (AQUASTAT)
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2. WRMEE

ABFZE D% G1%, Fig 1D T F NV HEHIERO T ENC
DT ARERL U THD. EREMNEWITHIE
EINETHYHEES 1995), MmO TIET L% U T
FOZ W TRRENM T TV, KRR
MR E oo CTEXFIEFETEHAIRENATWNS.
TR 7 UL Fig 21 R T AN ER TH Y, BN
DIFILL EOBG TR EN TN D,

U RN A S T O R A S PO SR L
PRI IS T T, RENMTITTEERITAT < FRICHZ IR EE N
EITTHRMEEZ LTW5D. KIS THRZET 56 EM
Mriatmid, Kk 7nkifeE - #E S b A TREZR &
DEBIELTNWSZD, TARFRL U EHBITE
FLAR I BRI ORI CRAECE A Z L IFAEHT
HDH. MAT, FEELRTT 7 VHEORETIALE T
D7 LZYTINT R ETIE, Ao X HIzB
RRPHEIHERIC BV CIRA R ERRE SN TV A,
I 5 (2015)1%, 7 7 NI SR O g IEBR T T v
RN CRAEZ B BREM 21T - 7 fE 3, Witk
FIAAIfe e K ERENRKRE L LRNWFT, 7 A
U TINT N ZBII R b KFEREOBEMARE W E
HeEENDZ Eam L, BERETHIEKDEENRN
REVWHILTH B2, 4% b FRDKFHOBEMN
BAEIN MR ES 2D, AFFEOBENIL, Z0OX
DT E D B RF R A~FEBRIR DL S 23 5 Hiull & %) 42
WE=Z VU FEERET L ZETHDLD, K
& STl A R RIS TE DT EEBEITRE V.

3. HIRFE

KRGy DEVERIIE N2, W o B T
HARREAE IR & LR CIRE EF OB BN L2 D,
MA T, BRBIIEM LD BTV oiz, &%
BIZ & D MERREOHADRIL A H TR EE 2
bivd. DLEXY, —BWICEREH ClIIB&R DR
HREZENNEL 20, ZOMAEITKDBEDOENK
EVWHBIECIIHE LB A OND. T I TARMET
1, MIFREIEE AR ZE2 O 7R A O HEE T
EEBET L. FoBICE, #ido X oK -
Lo HARBIMIC L DIBELLERET DHE
BHD7-8, HEEEEET VE RV THREROR
EELEEEBT DL LT, NBNRKSBIEDORE
TS Z L ERART.

3.1 BEMRMN
5 2 fEHTIZIEMODIS (MODerate resolution Imaging
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Fig.3 Diurnal difference of surface temperature
(End of July 2012, MODIS)

Spectroradiometer) % H V72, MODISIE A ERk & HiZ i
2 1km - 2B L ICBHI L CW D 7, i
MRED A ZZ B Ccx 5.

FOMOE A E LTI, 30mAREE - 238 M
PDLandsate— B & & 3kmfE B E DO ILFEE TH D
EUMETSATA & % 28, B HOFEMH D 2 7 — v
LR D LR - ZERMMRBE D EB L il &
RO EMBEEIRAON R, TORD, K
TIIMODIS % W =i R D B & R’

Fig.31%, 20124F7TA KD 7 = L F A 31T % Hi
%ﬁmfﬁ%%@ MK TH B, KO THE & g

IR D REREIRAC BT, MR MR g B R 2523 B gt
WCFMWoTNDZENSND. LrLEDO—FT,
o LEICALE T D mEERe, 4 A& T
EMEEAKZORTNRA NS, £z, Fig3k k
o X HiT, T UIFREEHSRIZ W T MR R E A
KAMEIEFERECELSNTEY, ZhidtFzRm Lo
MEAREOEENRFEEL CND EEZLND. XA
5 D KR ITIEHUE K HE B (NDWI) 5 @@@ﬁ%h
BEHWDZ L THRATE, EEORBLIEEIZL
LIRERWEEBEETH LT m@%ﬁ@%%ﬁ%
NBHEEZLNDN, SHRIABICHEAT 52 L 218
ET D&, Mg LB OE W R E O 1K
SOEAGEEERTDNERDD.

3.2 BEEBEETIL

A [alfiE A L 7= BT i 2 7 /L 1 X Simple  Biosphere
including Urban Canopy (SiBUC)C & % (Tanaka 2004).
SiBUCIESiB % X — A IZBH & & #1(Sellers et al., 1986),
T HE 0 KR CER T | C KBNS & BRI I 5 JE
T EHFHE LTS, L IEICIX
FEREMEH & U TR 5 2 5 T 10T HERE
H, AT, KEEZEBEETEDS.

ANRMEITIF, "ABT —2 & LTIRASS 2 il
(Kobayashi et al., 2015), FKET — Z (XGSMaPv6D

fig B BLHE % I\ 72 (Ushio et al., 2009). Afidr Tl
WK &M A DT D HERH DD, RONATER
SBLNFT O T — Z In bR L TR D 7o 2 ER K &
T2 aMnDd &, IRBICEKPEE SN DR
FTHY 72 ek O A (2 & 2 MR i OV R B JE T
ERNEEZOND D, HRMBITICEDBKET
— Xty & Uiz, MEE S IZ 1T Meteo France 23 22
B L TV % ECOCLIMAP (http://www.cnrm.meteo.fr/
gmme/PROJECTS/ECOCLIMAP/page_ecoclimap.hrm)
MHREAE - WERIEE 5 %, THIBEE I, GLCC
version2 (http://edc2.usgs.gov/glec/) & V7. 22 [Hl fiF
BT, TR R HIEE L & B Y % 72 |ZMODIS
& AR D IkmfR G BE CRIA L7z, FEREMESRIF <l

GLCC D JEREM A 2L 2 JERERE B s~ & 22 5 L CARAT
L.

3.3 EHhimHIEE
AT, FEMEE L LCTRREBRE L
ASTdiff = ASTsar — ASTsm w1
Z 2T, ASTg,upiIMODISIC K % M5 i & K22,
ASTy gy n I ZFEEBFEE T LI L - TREAE Sz IEHE
WEETORKETHD. A vy a NOEREREE
NEL R BEEITIE, ASTeurN/NEL 2B 12D fRig

FADMEICRD EHEIND.

4. #HR

41 BEFOEOMISMHTERR

A TIE, BKOBENEOEEE LSS

ASTqipr D ZER 53 A1 2 TERR 9% & 4RI, Doll (2000)

£ 520004 B D 4 Bk 10km 14 BE O W T FE R T —
Zt oy b EDOWBEIRT . Figdh ASTypp O 25 5347
TH Y, FigsiIMatiE e oEERTH S, Hiltm
FRT =4ty MIKmRIBE TH D7D, Ay
2 WDASTipp FEIE L DI AZ R L TR Y, HaHE
OFCHEMERBER LT DA v ¥ 2 ZBRVTW5.
HH D@D 5 (X, MM O1A, #AE R

DM THLH6H, i%fﬁfﬁ%ﬁ@f;ﬂ@é’é’ﬁ%(t%%fﬁ
XPG2 L L 72200248 1338 7 4 TIBK D BN > 72
LENTND.

N TH DI IZANBRAKBIERIZEALLE
TN TWRW, T VRITE & f7 2 8H1E &
DIEHAER & T 2D . ASTypp DIRIEIT Y AT R ¥
VHURE A S IS T oM TE <, A
WA TRV & 2o 72, F72, BERmAERE
WEEB U CHEBR ORI o7, — T, #ik
W6 HR8HAICAD &M ATRDOHEMIT > TH
BN 56 ERREnTe. ORI T Tl
<, FEWImALRNE VI CHEEMNME L 7 DR
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LD Z s, HEMOEMEEL EBENIZRE DA
REMENH DFER Do T, HEMHEENS0% % B 2
HEEIMEN LR L TWER, 0% EBADH A v
2 IR DI RFE HUIE O FE R D i - TR &
Nizi=btEZ 5N 5. FigdDZERM N TIE, HHiCs8
AIZB T DHEEMRIE SR RSN, BEHOT A
HZUTNTNNERW T 7 vy )R, 7=
HIESo A AN T2 o, FEICET S
WA 2SRRI S T B

ZD—)7T, FUCEMEEENTOELSEH KR
EWHERE oo ZOEMIE, 15D X D ITASTypp
TETEEIND -, MEREEEO B E{LNKE
WHIE TIUE N E L b EE2 NG, £z,
WM RT — 2y b, MEmiEE
ETFINEFHEMTEEORELLDLEEZLND.
A%, BEERNAENEEZLNS—FT, &

46N

44N 1

42N A

36N T T T T T r v
55E 57.5E 60E 6258 65E 67.5E 7VOE 72.5E 75E

-20 =17 -15 -12 -10 -7 -5 -2 0 5

(a) Jan. 2002
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(b) Jun. 2002
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36N T T T T T T T
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-20 -17 —-15 -12 =10 -7 -5 =2 0 5
(c) Aug. 2002
Fig.4 AST4y; distribution in Uzbekistan

FEAALPARES & 72> TWDHIBIZ DWW TR,
DMARHTIRY LIZGPSTEEDIFHRRL, 4% OMA
RV EREZFHEMRDILENH D

4.2 ASTu DA - FZEAE

WA, ASTqppflie A 28 - BEMEHEASE Z LT
L7236 D NFig.6 L Fig7TH Y, Fig6lZ A Z & D&k
oL, Fig7IQITHFEEERT. 2218, 20014
2008(LVE K DEENRE L, MOFETBFEFETHS.
Fig. 6D A B & D &, ASTyipr DFEREIIC I 1T 5
KEG7ET & IR B 2 MM R 5N 5. i@
WAL BAKETIE, 8L T6H £ TliEmMICE L
TWVWDHHOD, EARFETITISHITKRTAALNT6AH
ERICMEM L 2o TN D, ZDT28, ASTypp DA
BAbER LD Z LT, KFEENHEMT D5 EFITHB D
TR K DA AR R DT AR 5 5.
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(c) Aug. 2002
Fig.5 Comparison between irrigation fraction dataset
and ASle’ ff
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FDO—FHT,FigTD L o IZFEmOELE2H, 6,
SHEXGIZK AT 5L, BEOMTRERENRDS
Nieoot-. TOMHHIE, BAKEICE W TR T
I, R EIRE B EBLE I & TN
L0, BEEWRE T L TOMITIZB N T HEAKET
SRR < 72 2 72 DIZASTyp p MRIBRICE S 720,
FERELTHRLY RRIESHAWZ EBEZLLN
5.

PIEX Y, ASTy i3 A ZE OB RS LEVAR
Roiuadn, §£I2LI2Higd 5 &EO D/ S W E
DR BN, FFICFigTO X 9 4EZ L oIz
T, ZCHE LI TRzl ns 2T
HHOREELZ EiIFoid 2 E BT 5.

PAE XV ARE CIL, HEMHT & R ks AT & 0F
M5 Z & TSR A T T 2 FiEL % L OREE
Eifolo. UANRF R & CENICEIT 5 R A6
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(c) 2006
Fig.6 Monthly average of ASTy;¢; in each irrigation

fraction
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BK DB 2 G LETLIT DD TILEW AP
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DM FEE LCHBRTALERDHS.

£y
[=]

5. &

anl

AHFFETIE, BARLHEHBEEBOEEN KTV T X
NRERF 2B LT, BltoSmEHEET 5
ZEERBRZ. TOBRIE, MERERIEEOBEEIC
DT, MODISIZ X A 7 BTG J & AR 7
M & DIEFEBSRIECORBEE T2 T, A
ZW 72 KR RIS X D IR IR E OO & & 5
D FiEEBR L.

ZORER, R LIZAST g HICONT, 7 ARF
AL DEBIREMHE B TE T\ D 2 & 03
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Fig.7 Annual average of ASTy;sr in each irrigation

fraction
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