eul Co pde g (pwiige dlore

39 399 3l w559l o8 3l eolw! b o (glod (yuund

(0) s plol Madlips oISzl ¢ cmiigo 3 8 oaSaisls JLobiwl sl )T 415 23l ylous

iy Sako ol8aily ()l jas caSlaily HLtily ( Sy Sgramo
Soloul g S cbla> soSingi ol oL of w0

VAR /Y callio by dy VAR - SITY e el o

RS

5 Sladllas 5l g atals ;3 a5 cel gla e aloz 5l LS (Rig 5 S 0T WS eld (e o oo
el 3l 3550 Besn 53 o (oremy e w0 Logas 5 )0 918 S bama 5 (e psle Sligi
Sy s 5 0slise w0l mey polaw o 1) CaeS al plojen Sl il Il g0 5l ot (55510
slailo Jao 5150 Gy 080 Gz e oe JSiS 1) it pl (e —(Sloj Atige 0 cpglad
Ly 65l Srae 5 qs Giloainte b Sl 5L 090 slaihte S jgon i 3y5ln 5o azsl asile 655 (e
S Jylaie slahs; (e (el ol dllis 10 058 e 18 ool 050 (52 glmoan YT Lazi]
039t )3 Iizme o0,y dlolee I pewlio Ojge Sl g riwly 4 Slojlaals glas 1 eolaiul b adaw (sles
g S ais e by oS 5 5l A gy cpl 50 oy Oy Jol el sl pladl aygels 5 ol il
Dyl slagge Jobo )0 shmmall a5 Coul jlgial 4l cnl 2 cled oo ooliiul (5l &g 2 sla)lys (SadlenS
b 93 )0 (oo el Sl oad cudls y slos Sl eslanul L jslare Gl (gl s 0 555 955 I (gl Janll oS
Yeo¥ B VAAY Sloj o)k b NOAA 5,m o)lsale 5l AVHRR soizins pgad YY Gljl 4 g (slosnliv
5o il b T 5y i abs e slagsesl 5 oot (g )T, Laly) dngt ay plaBl il al> e o 9N
g 0o spSome byl Glojed dus) eod saslie Sledbl 3 500 AVHRR Lgai Ve 5l o Ll al> o
L aS 350 o0,0m alolee 5l &ygo du (lal ol el oals a8 5 ISay Laly, JLoel e gy sl Xz g5
el 5 F sl slagysail 2)50 a3 e oy sl 5 Ll ciog: 00 0l 5 550 slagyejl
Sile 50 (6,0 s B cadaly dus gl w45 Wsls LiS Herie slayee;l .axis 5 1,8 Kruskal-Wallis
SrnS S psie aS Iz 0oy alolae &jgo o ool 1 i lad 0429 duo )0 A0 gyl gme haw ;o ilo
5 b 0359 3 (0 el slos @jsi slaadi (o elol g oleitiy 0 )5 B 4T Glsiear o)l

b glpl polai Ghjley Bk

AVHRR  Foiln  Sares o slos dyzme 0o o G5 il oS sWojly

doddo
Laou¥T g slge el e o 53 (65,3 595 omip o linind 5 Slallae 51 (6L 53 el (sloo
S g3lmany 5 (b 55l Brae 5 @5 srpaelin dsn jo Sogll lasil (Sl g (ol gloesss o
(539920 Sts 53 (Sl &0ty (yn el (sled Ypmne anl 55 9590 basiom (5T bolSe 5 Ji5 5 Jo

! arasteh1348@gmail.com
2 Surface temperature

1Y 6V o les oV al> Y



eul Co pde g (pwiige dlore

b o GG myje5 a5 o28lge 100,05 o )18 ol 050 il o (5 S ol leolSiny] Las.o.c as bl 5l
e Dl : vz NP T.a - - . .

D)8 oo Gialed 1) 053 oo LlE a0 5l e (555108 el 5L 3 50 Hlajee el 9 aas a0

o Jloansl & jgmods g disled go Jumd 20l (65,50 095 51 a5ls a5 (S8 Sleogas g Lo a4 atws plux|
oS TS0k 58 b e syl gn JomS 055 51 e (slos (sl |y (5San il (55,1 251> "ol s
2 oS jeban 5w Blioe D 0 55 e S 5 oo Job e (o8 los &6 ol e Gl 55
aliire St | 5852 =il 5918 3 el e 31y o (5551 JS o gmebliniog 55U glyel i ol
ol o> A o S5 0S (il (6550 9 4l obew pluxl b plie (5,8 s o plusl aST (Y-« + Rott)
i VO Jp-3 SO ILIUUWER IR TS5 SRR W1 PR ¥ S L S RE SV P N NI SR R PR I SRR DU AP VOV S TE
ol 4 ool Al e oo od e S o Sl abay oS U ol gz s o pla] ol 5l aily
505 1y sl )5 sliie gl a8 by T 51 onds sl ol (65,1 e ¢ sres el 5l ot JnS g5l olee
Y+ ) Okamoto) s433l

9 hils as (65,5l ol anled oo <8l yo 1) e jloads UL g a8l JoS (6550 oS leaﬁ)...C PRV
odiztiw alwgdy g 009y AliSe slazge Job (gl (0 s5 s0g0 slice § (pe) (Jol sliie) el Siglae slivs
5 > slod o T bL5 | g5 e SO 938 4y axg5 L .(VAAY Cracknell) osb o S5 L
il o il 65l L bl gles ASAG?W)Q Slos D905 513 5 saiziw ;0 o o gleo b ] S wilnS
g a3l axwgd SYolae g log,e .d._.:j‘é_n Cewddy SO dolas Jo 51l oo odizminw alwgas mhaws 5l onls
P 6L{bo)|9an )‘ AVHRR oW ‘5:)‘).7- GLD)‘? 6‘).: SYolro L)"‘ J> 095U g (g y Jim O
Lo g s odimminn ,o asl (Voo o) LS g KOIT) 5905 g2 (555655 ailie 1o i e |, NOAA
O b 20595 a5 a5l ool JuwS ainis o5 S5l ol mhaw 5l il JouS (ol Al S g oo
FURVIWIDN| Y B DR ISR W Ny (PP R PO IR U TON] Y VOWIS| P CE SURIP VIR VWD Iy - IRV DX - SURINE ¥ PR Wi
(=l s)ly 5l s sles s s (] ply (VAAY Cracknell) A8 oy |y ol b e IS
I ol 5l 5 S50 co0lgs sl 2 ozt alemsgity 58> A5 sl 45 3151 (sl 1Sl iy
el ot Al L3 5 4 Selite slroged | nes]
G50l sloo 5l onliiul b uiizen 5l (6 ket S0y 5] odline p10lio wliwl o g (soxiwlg — il
LU ol jo anled o gda (slod (s g (oiwly 4y pladl cabads sz 0 (640 el b lojped g o0l
Slo 4 Jaew)S ) Loy, dewgay  Soanis o sl wOladon ol slad jo .ol a3 5 O g0 oo slacdlad
slealaiwl b Jloe lamed .ol ool ! Seiul mhaw sloo ay 395 aldi g ool Lol o Je slrolliis] o mlaws
oL, L 9 Bolgrien alwga JIGL axb o v sles a595 4ds VA2V/A/F #,50 AVHRR J4> lg5 y3g.a5
ALl o adly cdlw e 5 azb ) mhaws slos a5 ais (VAAR) Millis s Miller 5 ol oo a5 (1440)
(YY) Wang s Yang oliadss aisges gl,5cnl TM aar 5l eolinl b ogads fodds ooz SYLI jo 1y gy

pead Gud led Sais o gl jlmhw sles s ol p sladaly Gl 4 e WlSles ogi> 3ble (o

2 Remote Sensing

3 Black body

4 Planck's law

3 Stefan-Boltzmann law

% Body emissivity

7 Reflected radiant energy

¥ Passive sensor

° Bri ghtness temperature

' Thermal channels

' Advanced Very High Resolution Radiometer
"2 National Oceanic and Atmospheric Administration
13 Atmospheric effects correction

'* Ground observation

1Y 6V o les oV al> A



eul Co pde g (pwiige dlore

ST 5 o0 ookl o) olEie s V0 s slsjad Sledbl et 05 o 5l BeinS ol o s ETMT
ol ool Cavday o3 il ax 0 < /A Jolre gl

9,8 g Eel Jow drwgs Jome 4 sgazme Loyl 5l soliiwl caicwn Sl s gz balgy cpl aSoI L
a8 Col jaaie om8g Load g, ol 5l eolaiul Gavasl 31 gloy Dl poss Jdoas puzmes a5l gblie L o
1 Sle gy DldS i ol @ B 03l Lz 5 Tl plejen sy Sldlbl 5 plojen 1o ppal ol
Lo gy otz iSTIA 0l co 7 phae SYolae  Jowe 00,15 Cusgass jeio Ll ogd blod aolas jo jaus]
A (6 5SSy gy Sledbl 4y a5 Sla by, esasd Wipd o g ) e Gled ez S0
v sles w6l (129Y) Cracknell alox 5 cpiions 51 6k 2 pannnd] 51 waSmo (g3l Joo o
0ga—ts ymal Ho amled o Slgring |y cebolineg xSl ads Ol 50 0990 slay5 5l g Hhuesl (g5l Jow ()
Gilwdds 4y pladl aeil 0 09290 DluS 5 5 b3S 51 G o o ol Jasl (Sl SYolas Jo 5l oslatnl
oS (= (65,51 Lalag coogad Al po 4y al> o 5 (0580 508y odizmies &y oy 1 2 SlaS 5 0l S|
J-AJLAJ‘SA ) ‘) @'a,w L§L°‘> 9 C_]a,w )‘ W)

O ygmod il (65,0 Jnl SYoles slaie ol (gl g 48 )T & jso slail]) sladeliy aliwgay Sldas oy
LS 5 Jold yaw o3l Slasuin 5l goanie sloyial,b daasl p op!.(142Y Cracknell) ws 5 o J> s00e
CAlih wejls a5 05,8 o S a |y Jelse ol (duad g ailale Sllugs g oled F yows o g, lgime day)] (55
ol @ bt 1o 5 Slbl ol 4 o, Cewd 1 Ygono 45 Col s sbrolKins] o jiunadl Slasein 5l SIS
Al aiey ol jo Laa sl p oy 00l bl 5l S0 ol (pSow o 0duzen sl 1580 05 g ol
9 o= i MODTRAN a b, as aie; ool 50 (12338 Mather) el 1 soxie T LOWTRAN
(VoY ol 5en 5 Schmugge) sses oLl
90 LL3,l cpl )0 048 Bd> pgad 10 ol S10gd co (s «yhusd] I 2ol sloas 28 :TM'| Pldds -7
009y 00 ryas ol Sl g amr bgs xS e b plejes pgal wiz b go lesliial io)ls ey (IS 0t
gl oo oolaiwl adlate Gl lejen L;..:).m G0 pgal jlead 3xe (VAAY) Singh calewga c\Srd.io 90
tliion il (ran e 5 0 ;5 |y SO ol s el o8 255 50 (sl 5 JUa oleo plojen S

: 4w w7 . .o e . .

45 d9dse (BB gy (nl o D9 gl (Sled (ot Ol Jidd el (Sia0 e oy end 4 e
ool gl olojem Loy b plajem g 99 sln (P 4l S St sl (Sains e

S92 e o 4ygly b Lol cddlaie S5l lejed gl 90 STaS conl (pl w90 g, 0 Caenl Sl 4SS
2 nyas 99 2 1y v led Guizmen 9 09a5 (28 GLeSy pgal 9 Sl 1) Shenal] ST plgs oo ol 4Bl
ol plo el saal Cawdds pgal 98 sl Solaie Sais o leo glaie wyo ayely Llod 4y a5 Jb> ool
as d._ﬂu_n Gy ch e Joamme 90 g dlolas 90 oS S gl I S o Sanis o sl g 056> L
ey Dol a5l et Gl 9 se gl sles 1 JLis & 5 (Sl S5k et 4 e O s00e >
Oemt 590 3l o alwgan ey slacldls 5l s mlaw sled g 00l 285 1o o (glos uivly (sl
by (o) Sy pyiews BB f sladig plo g b mgildl olaw ;o () cnl 5l esliiul.ogd o0

Ll 00

! Atmospheric effects back modeling
2 Atmospheric effects elimination

3 Two look method

* Atmospheric transmittance

\V¥a. Y o)LA.:L ‘Y‘JJ.? £9



eul Co pde g (pwiige dlore

Syl o= oledl (VAAY) Singh ! .ol adlass ;| Oloin® eal 90 Ay oy lewd g, () 0 owlul alins
S oolawl yhgy ol 5l Ol e il alils 0gzg Sloy bl 1 pedy oo Lol (Lo je® 5l gl g0 STaS
03 yiwS lg2 yo e 0,5 (Jline flgieds ol s auad] Sleg by paai 90 gloj alold o a5 b lay
Al eauis

S - R ¢ . ) . .

sloaggs Job y0 ——duneil &5 ool (il 5l 09 o0 00l 5 Tizme 02y 0l 4 &S (6)l5 w0
VAV and 5l i g oS ddiome ooy (g, el o0l oolatnl cams oo 590 955 5l JFolaie Jesdl (uSe (glae
J—Joas AVHRR ouszins alewgs s 00 p poai g NOAA 6w sloo loale by 5l o Lol cons 48,5 1S4
N NSV .| PR P - IOV S PRRLNY [ RN W) T Y CE S ORI IR JPS V- U WIS i i A IR PE Y
9y 3l g et (Home (rily g 00l drog iz &5 il ST g5l Jae Bosb 5l g 1) o9y 00
5 =l Fwg,d Glelel ads Sanis o gles (B 0 aS oud &Il Al S pais 9SG o 0,5y
(s 9D 5 g o bai e e sled 4 (AVHRR ooz 100 5 F ¥ slo,lg) AVHRR Sl 7 50,8
Lo gHa ¢ Y+ -« Granger 1234 )| ,LSea 5 Prince) o, .5 o |3 soliiul 5,50 5,|,> slolgs Lo
Y+ Allen ¥+ -+ Granger) so_s 5,5 53 ETM' s TM pyslas U o oyl 5l ool l (Y +)
sl oo & ygoan Al g ailjg, slads 10 gl (gl (godnie SYolas (pien ¢ (V- + - Bastiaanssen
Syl (Ame iy a5 5 ogeds () (Jl sea (Yoo ) Sen 5 KerT Y24V Cracknell) ol oo
g Slipod ;351 )3 9 Sl 19555 0 (6 St Cangtlae g Sgudo jlonds SO sla by, bl Iiome 02y o)
Slos 50 (5,00 paad L lojes siwo) Sledlbl 5l oslanl b cllin cpl ;o 04 oo oolaiul ol 5l lalas
‘c—?i ol Jold e pdas slod (1398 et (6l (Lo Sl 00gasme (o limme 0y g 3l S glete
] 00 S?ta.u.}‘s ‘(SQL"? Wy 9 S

B b9y 9 olge
00" LAV g i o, e VATV LY Y0 LLdlae odgamme 50 ybiuas Cobo 1 GuixS O yg0 ddlaio
o] 90 wongazme (pl o (W S) el (g5,0laS sl LS e Ae sgas slls g ols S8 B Jeb $1°
3 00l Sl Oledbl 1 S mhaws (slos 31 5L 050 Sledol aS" iyls 1,8 S g bl cwliilsn Sy gip
3=z ol 5o Lol el JLo VY 5 FY 0 Al Cos s lolKias! cpl 50 (o)l Lol Cand el sus 21, 5eiul Loy
Al )1 LS ils 15 8 g0 00gamme 5o el oo soliiwl (gde Yo ¥ B VAAY sla Sl 4 bgsye ledlb] |
G Sl ool I8 ) 0yae g olgiion )Y Jeam OYolee iz 0, i, ol b sles 5l (VWWAY)
3 el plazas i o o gy e aS ol lis g0l LB bl e e g Sl ]y il (o) ol

2 - -

X 05031 b (eimsylizel dlo o 50 5 00,0 A (gl ime mhans J0 F 505l alwsgey alsly (ol bl dnasgs al> o
3 el do o il Jolse Jawgin cod sl lyls g a8 5 )13 A...:L Sy90 ko, A4 g ls g mhaw o
p (fio.b 9AVHRR oiziw 8 5 ¥ (sla g Gfm..é-)o slod s s Tgs P Tga fa.‘a.w sleo Ts Jou

il oo o5 le 4z 0 >

"Multi-Channel Method
2 Split Window

VWAL €Y o lad ¥ al> Ve



eul Co pde g (pwiige dlore

31°00'00.00"N

Plain
Chahnimeh "‘ R
Reservoir S

61°00'00.00"E 0 50 km 62°00'00.00"E

SR O,50 039d5we =Y S

G (49

Al 3l st e 5l 880 Jlns g9 00 ,50uS Sledbl 4 jass] Sl al glo e )So)L\_e azsl>
Sradl (3l Joo sl 5l 0 50 ol 4 oo B,b 5logs ol 8 Sledbl e ¢ Sldllas cogass o aS
Ao 90 by, 50 Bhb slad e mhaw sles 3590 6l oguds ol 5l eolaiwl JA Lcuilas 89>y w3l
Szl Oledbl ( guw) oS! slaws Codgase Judods Sldllas odgame ;o g sl coey Sledbl 5l Jatus
Azl pgar ;A5 V0. v e 4o dal i sols aseid canlie jlas 050l () (6,5, 5 1 o ls 18 Last o
eimoly gy 3l el pln s e 55 gy o 5l eolaiul Al jo clilad 09 g (e L;..:).m S ralal oad
OVl 5l galate joo jekaie cpl (gl (650 e v sloo yusd (Gl oy Sl 5l oolazul by glas
slo)ly o mhaw (ol i Fa €5 584 (Jaxr (nl o b a8)S S Y s )0 zyue lime sloo ey
s 5 005 g5y s @ £.& . € b @ FoilnS 50 M| AE sl SuilenS :Siko & 13050
iloads cay )Ls [EJUEL

& ygela ‘53] Slrosgs ogama ;0 0,15 Bas 4 axg5 L (VWAY) asul)] 15 jzsls alowga o Oy SYolas
3l glaie slolas  Sanis o sled ogdle Wb il ax g5 0550 S mhaw slod a5 I 50 ;0 ol a8l dngs
egsgase 3l (o o) phaw (Sl s (Voo F Dash) sgi soliinl 1 a,les 1 5o rhw SalS
ey G (Sole a dalaie cpl o s o FalnS 1 Jleel b lome 0 oty O¥0leo (6,5 S 5 ol

OYAY caal,T I8 2il0) ol )0 mhaw glod nd sl (Saras o sles eiwls -Y Jgus

R? (%) aoles s,
12 Ts=0.66 Ty, + 15.8 Eql
Y Ts=0.63 Tgs + 15.4 Eq2
Y Ts=-7.2+ 1.36 Ty -0.011 Tg,’ Eq3
\ Tg=-7.5+ 1.45 Tgs -0.012 Tgs” Eq4
v Ts=9.3+0.77 Tgs—0.17 Tgs Eq5
5o Ts=8.93+0.53 Tgs — 0.16(Tps — Tgs) Eq6

WAL Y ojled ¥ alx Y\




eul Co pde g (pwiige dlore

3850 40 ol u)f )15 @ LS‘J"’“ LSLQD)?LQ SYoleo =Y J’J—”

ey dolao sles
(V3A0) 5o g McClain Ty, =a+b(T,, —Ty) Eql
T,,+T T, —-T
(\24+) Li , Becker Ty =a+b| 24— |4+ 25 Eq2
2 2
(\aa+) Li 5 Becker Ty, =a+bT,, +cTy +de, + e Eq3
l—g) As [Ty +T,
Ty=a+|b+c — |+d= | 2—£
& &£ 2
(v++¥)Dash _ Eq4
I-¢ Ae |(T,, —T,
+e+ fl—|+8= [u]
£ € 2
(134Y) o, Ses 5 Uliveri Ty =a+bT,, +c(T,, —Ty)+d(1- £) Eq5

EYslas &ysoary | NDVI asile ol sbo asls 5l mhav SolonS uess sl oud &l 25 Lo,

5,8 g edgie a Sl L ((V24Y Van de Geiend «v- -+ Raissouni 4 Sobrino) s ,.é 5 s
o) Lea g Gleske) aib o 3blie g Laga L8l oled jo 0,15 B 13 Syl oy Casle oy 00 plS
Sl yerio Ll 48 18 ) 0550 5 by CBS y CoeS nl S (e Bl (nl yo a0 (V40T
9 ab gl peas il b SIAVHRR jisas JS5FY sl gl (SailenS 5 (Saris s sles
ol S s 8 5 Say SYoles calyd (st sl dibate slaoliia] |5 aud (5,05l Sl sles e
Sl do,o Ve 5ol ailds LS L8 5l O¥olee omiw Lael gly (ugad o0 olawd) Sledlbl 5l oo o Ve bl
)l Lalg, 5l ooliiad L0 5 ¥ slalys Forlen slowitie 28, 5 ay SYoles dnsi sl (rgad YY slawd) suile
a8 5 LSa gileJae 40 g amlxe (VA4 Van de Geiend «v- - - Raissouni g Sobrino) sl ;s eos

Ll 00

o g gl

s Eql o¥olas g oo alasde azliz aas o las 1) (V) Jgoz 10 7z 000 SVoles colyps (F) Jgo>
sLISEQS yEq4 Eq2 L, Ll ail sos ansldS [US o Lo 51 g 0090 (sl jlows uns wolyo 51,10 EQ3
w‘)_.a = 05)'[_: “)9_.»‘54 ala>do J5A.> L}J‘ o 42ul.~.> MLJ‘SA R3S 7 )| P ‘5{&:‘ L: J.g‘).g gevey) w‘).a
. . . a s | s 0 a2 (s . . : . . . e
6L]a> U"‘)—"W—{ Sl 00 d..:‘)lj...) 6‘0MLM..AX )‘J.M 9 bﬁ,w e 6L]a> M)o O w‘)p 9 ‘5:5.;..“.»;)

W 90y albpssts G4 s EQ2 c¥oles csllan (i ai pessd gl yd oy sle 45 995 o0 odlie «ypizmod
s Lz o) e EQS aolas g ail a5 5 18 ML 3,50 2o y0 A0 (5o g aw jo  riw lael al> o g0
el Ui ML B S PR P I~ SO I22 Y ESSUR a995) el abewsas EQ2 aolas PeS
393 0 DY olas g oo abaxMo Ko ] o axiliz apo oo Guled (31T O g0 |, omwliel w0 Y S
ale (VY L) ol ao;y slacess Jom (655 i iaiSTlyy coalds anslils

S il S e 109381 b Y olas ol Foduzmn of e 45 was o lis ol Camwady i e B,b
a5 )5 18 0 ST 8,50 55 (Voo o) o)) e o KeIT aliwgas 4355 () il 0090 g5 S8 Dol gulis cpelans

! Normalized Difference Vegetation Index

1Y 6V o les oV al> \Al




YV Jsax slizme gloe oy S¥olae (eily ol -F Jaua

sul Cupde g (owiiges dlos

¥ e s o s el ol
) )
A 1 ) raTe Eql
1b= a
arva=
Ny £\ 5 -Iob= Eq2
Vo=
YAFa=
-/ ¥b=
VAY oy Ty -I¥c= Eq3
VEIvd= -
\YWfe= -
V\/va=
Ve\b= -
YV/Ye= -
v o alls VY egd=- Eq4
Yirve=
o0a-f=
YYVSErg=
\-/qa=
-I¥Yb=
VAY g g Eq5
“IYYe= -
Yv/vd=
)0 A0 g 5o g0l (5l ime”
YD
+«Eql ¢Eq2 OEq3 ~Egd4 < Egb
o/ ]
3 &
)
4 6
.‘% LIETEN :
3
(%)
=]
= %ofa
Tars . ; :

Yajn

AT Yafa TR
(0C) ol adnlis cl:..u sl

Eafs

e lasl a0 (V) Jouz slizme sloo,oeiy glaie SY¥olas gl - Y S0

\Ya. ¢y o)LA.&': ARVES

YY




eul Co pde g (pwiige dlore

F el slapsesl o) Jsozr SIEQO alsbes 5 (7) Jsozr 5IEQ4 5 EQ2 w¥oles ol IS o) 2 e
OYY Jolao F jge3l P Jlachie .8 5 18 solatul 0,90 «Volas guls ailo 9 (uSile 'KW &yl )bl g
O3] P lache uizmad 05,105 (gl cime NS oo )0 A zehaws j0 dolas dw bt (1Sl 45 GBS o (LS
ol 00,0 A0 (5o sae grlans ;0 SYolre gl sladilee B (5,05 e pae 5| S /- VFO Jole KW
Lo by, ool bt ogles pae 51 Sl 5 byl ,o T Slelis ) sogame ;o (V0 ) o Kee g Oesch sla iags
Ll

Al Jlael |y Cadgame cal Jlo ot 53 5 4250 (B30 b o (S sl il ol ol
s ol laosg sl g col (a5 by 5 SI w4 bgrye (SailenS a0 oolitul 090 Ly, o5
5L g (Solw Jdods g oo a3yl (VYAY) atul,] 15 ils alwgas a5V Jgo 51 EQO dolas J3J 505 ST
s iy e 5 S T gl b 5 AL g 5 S s 55 0 osliil (ISl 5 5eS e
3 s y5 adoles l Sl 2 il o (o oo @555 5 Wb 00l S ol (gl (Sl

A o HLES VAREIDIYY F )50 5,10 ppaas gl 1) Gl 0ogaxe 0 mhaw slod 595 Al ¥ S
YY L Ve 5l oo, 5 cnlw az 0 VY Ol dels SO aygels o0gaome 10 g oo alaxdo S ol jo axilis
2,97 5o iy oS (il a4z s

¥ ¥ >les s oo oumlin T USS jo axilis sl ledw cpl 5 a ST Y 4l o ¥ S8 Hles #)0
SVl pLy (ol A S sl aia jam 39 g dad ol 35 daggala ol Ol zolaw Jold od ey &5
S-S slos 51V 50 (las) adhaie cws by pls ol o (F axl) e s () 42l) o jgele
4l 9 S pgele SLe 5 (LS ida hls (Alps ((Saris o sles jlgg,m @ aidlioe Jly95 0
oo o ygela ol31 slacsl ongame ;0 5 5 ion plaw (sloo il oo o1 Ol W8 4 wis 12 g (5 plo slojgele
oST 3 50 1) g ol ilioe V JSE 50 P2 slatel & bgyyo a5 0 S5 oles 0w (¥ USE) Sanl 505
o3game g Lali i s bgye ¥ sl o Sigy el ol Ol sl 4y gy je 8 JS5 0¥ 5 ) (2l s oo 18
hls oogazmo )3 098 0 ol |; S92 (gale 09z nl (LELIT 4l g 009 Sigy VB (LS idgy (sl
L Ve 5D o8 ool a0 aw sga Lo Ol s asels (0 JS0 0V aslig ¥ S 0 ¥V axl F JS0) ST ol
lod Frei 0V axl) Cunl g plo gele Jlods Baas blas 4y bgy o Los JBlas a5 el (o5 5l az 0 YY
F o ;0 ¥ asl) asmo o plis 1) 65V sled o ol i Gues slao] lUanl M, andl (F S
ol slosye e ngbad 6y V) o+ slasbo o5l Judoa (s canl (550 Sla sk J1 cdeay a5 (F S8 ples
P Gidigy w38 S gl 5 Ol gl los Sl (5Sike (50 ladsles ol 5 oats SIS cdoay angs
e sl das ol (35w b 5| S (o 2 Sl e poal A anlei e A1) (5P jglone

sle, e s oagase dles sy o, 5 Bl 4z 0 VP B VP aials ;o Lol Cubs 00gd0we )0
YALYE e ol Gl S aeld gt o0gasms g o )5 il az 0 YY B Y- o olos sl olices
A Sl o eS¢ o ygele coguse jlaS Jiae ;0 (F IS oV asl o ¥ S) cl of 5 il az o
P Fasla ¥ o 0V 50 2l 09 o0 00938 haw (lod 4y 09l &S > oL idgy w8 led Coans
(0 S

azl® e oo (3555 = e (otalep 2T Ylaiol oS gels Ly 53 S (sles omalie e
O Led Oglas 050 e odmlive j0S Sab b loygele 4 i sleanl ol plo g aie wd a0y, pow b o
W, aziliz A Cwl Sig gele LS iibgs shld eoguame o Ly rals I S0 IS 0 F gV oy

! Kruskal-Wallis Test
? Evaporative cooling

VWAL €Y o lad ¥ al> V¥



el Ca e g gwiige dlme

2L ity sl sla sk b olil T slls (sla Johow LW ol (Koo b g 009 bgspo aisl,3 ol NN
590090 SLSL bl ool 4o woliiwl 850 polas SLSe SESE @b (Jls aa.aib oo ol c>ge
I ol g olael jo aS 0l e alaade SS90 0 anl a4 az g Loy, oo Loty i ol slacaogass
ghw sles 50 5 F slajly (Furas s sles bz o wod (B0 05z @ 8 Jlod bl adlate )
39 egemxe (65,0 il Sl colSe aiSS cplcwl Lle ol bl jo Les iol38l oacmo lis a5 wb o o]l

Al ool 03905t (la T 3l aS o s cewoVl Lol 5l ddlaie

31°00'00.00"N

61°00'00.00"E 62°00'00.00"E

VARRIOINY 7,50 sl 00g00me ;0 mhaw (sloo &y 595 alis Y s

o dla v et

L g
3 5 v
g 3
: 3

™

& ¥
gl Y A
\ Ogela 3
—Tb4d----Tb5 —Ts
2 £ A0 A Vio Vvt Ve 30
(Km) it
O s P1 slacel) 5850 390 039050 L;{LAQ Tops -¥ Js"“’
-2} 5
b b dled

3 i
o
1=

2 .

s Y a3 ol b gl b Vi
3gels A s Ogela
V.
——Thd ---- Thd —Ts
. :

T T T T T T
i A T & 0 Y Yo As 4
(km) st

O U 50 P2 slazel) 54855 5550 00g05te (glod & e =0 S

WAL Y ojled ¥ alx Yo



sul Cupde g (owiiges dlos

13503 (GAEe> ) D ,g0d lgi oo |y Budd pl o ol Cassay bl
eia il b OYolee ol Joduzey oS oly lad (gl 4ol 5o liome 0oy alolas iwlg N
6o oBaus sl aolas ool jao dd) ams i I8l (g o sime e 4 | b cds ((FullS
.J.S)L) &g:o:.?-)\
oo sixe o ,0 45 oy llolae Lo TS =8.93 +0.53TB4 —0.16 (TB4—TB5 ) dolxo .Y
28,5 13 0wl 35 daly, dxwgs al> e 3 do,s A4
Dgs Aoy i dgdz odl bl dlolas lawgin ond gl Y
che 55 milisl 5 aneg dole bl Glagseil b a8 e oy dloles Joszmy 5o F
A (gl gae BB 0oy WD e jo ST doles b cdings oo d...:t do,y A0 (gl sae
0 g0 g,y 3l ke CBo g i gl S el g aidly danwgy Lalg, cdo wdel Cawdds i 4 axgi b
Gloo zlyinl ad g 0gd ans ddlaie 5l lejes LAJ).QJ peal S (golasd 09l o olpiing (g ki olSays
S SIS 508 4 4z b uizmen 390 dulile izme 02ty (g, b lS (g cnl 5l omj8 @9t o
S a Slpiing dmodiziw (pl ;0 Sl g Sl Fiwgsd layly 04> g Landsat-TM/ETM+ ,5las g
255 18 3B 950 mll g gele Sl l5s 5 e olar (3P 0game o o LSS L

soliwl 0590 2olio

83,50 aalllae) 550 5l o e b 5l 6,5 0 b gl dbbate 15 56T e Joe G dmwgs AYAY O )T IS il )
Ao YO+ o ywyde Can i olBiils (6,550 all ) ((Hgelrazls o

2. Allen, R.G. 2000. Using the FAO-56 dual crop coefficient method over an irrigated region as part of an
evapotranspiration intercomparison study. Journal of Hydrology, 229:27-41.

3. Bastiaanssen, W.G.M. 2000. SEBAL-based sensible and latent heat fluxes in the irrigated Gediz Basin-
Turkey. Journal of Hydrology, 229:87-100.

4. Bolgrien, D.W.; N.G. Granin and L. Levin. 1995. Surface temperature dynamics of Lake Baikal
observed from AVHRR images. Photogrammetric Engineering and Remote Sensing, 61:211-216.

5. Cracknell, A.P. 1997. The advanced very high resolution radiometer (AVHRR). Taylor and Francis
Ltd., London, U.K., 534 p.

6. Dash, P. 2004. Land surface temperature and emissivity retrieval from satellite measurements. Ph.D.
Thesis, University of Karlsruhe, Germany, 87 p.

7. Gieske, A.S., M.T. Wubett, W.J. Timmermans, G.N. Parodi, P. Wolski and A. Arneth. 2003.
Temperature-emissivity separation with ASTER and LANDSAT 7 validation on the fringe of the
Okavango Delta-Botswana. http://www.itc.nl/library/Papers_2003/peer_ref conf/gieske.pdf.

8. Granger, R.J. 2000. Satellite-derived estimates of evapotranspiration in the Gediz basin. Journal of
Hydrology, 229:70-76.

9. Ha, K.J., HM. Oh and K.Y. Kim. 2001. Inter-annual and inter-annual variability of NDVI, LAI and Ts
estimated by AVHRR in Korea. Korean Journal of Remote Sensing, 17(2):111-119.

10. Kerr, Y.H., J.P. Lagouarde, F. Nerry and C. Ottle. 2000. Land surface temperature retrieval
techniques and applications: Case of the AVHRR. In: Quattrochi, D.A. and J.C. Luvall (Eds.),
Thermal Remote Sensing in Land Surface Processes, CRC Press, Boca Raton, F.L., U.S.A., 33-109.

11. Mather, P.M. 1999. Computer processing of remotely sensed images: an introduction. John Wiley and
Sons Ltd., Chichester, U.K.

12. McClain, E.P., W.G. Pichel and C.C. Walton. 1985. Comparative performance of AVHRR-based
multichannel sea surface temperatures. Journal of Geophysical Research, 90:587-601.

13. Miller, W. and E. Millis. 1989. Estimating evaporation from Utah's Great Salt Lake using thermal
infrared satellite imagery. Water Resources Bulletin, 25:541-550.

14. Njoku, E.G. and O.B. Brown. 1993. Sea surface temperature. In: Gurney, R.J., J.L. Foster and C.L.
Parkinson, (Eds.), Atlas of satellite observations related to global change, Cambridge University
Press, Cambridge, U.K., 237-249.

15. Oesch, D., S. Wundele and A. Hauser. 2001. Land surface temperature retrieval from NOAA-
AVHRR over the Alps. Proceedings of 2001 EUMETSAT Meteorological Satellite Data Users
Conference, Antalya, Turkey.

16. Okamoto, K. 2001. Global environment remote sensing. Ohmsha Ltd., Tokyo, Japan, 23-26.

1Y 6V o les oV al> \id



sul Cupde g (owiiges dlos

17. Prince, S.D., S.J. Goetz, R.O. Dubaya, K.P. Czajkowski and M. Thawley. 1998. Influence of surface
and air temperature, atmospheric precipitable water and vapor pressure deficit using advanced very
high-resolution radiometer satellite observations: Comparison with field observations. Journal of
Hydrology, 212/213:230-249.

18. Rott, H. 2000. Physical principles and technical aspects of remote sensing. In: Schultz, G.A. and E.T.
Engman, (Eds.), Remote sensing in hydrology and water management, Springer-Verlag, Berlin-
Heidelberg, Germany, 15-39.

19. Schmugge, T.J., W.P. Kustas, J.C. Ritchie, T.J. Jackson and A. Rango. 2002. Remote sensing in
hydrology. Advances in Water Resources, 25:1367-1385.

20. Singh, S.M. 1984. Removal of atmospheric effects on a pixel by pixel basis from the thermal infrared
data from instruments on satellite: the advanced very high resolution radiometer (AVHRR).
International Journal of Remote Sensing, 5:161-183.

21. Sobrino, J.A. and N. Raissouni. 2000. Toward remote sensing methods for land cover dynamic
monitoring: application to Morocco. International Journal of Remote Sensing, 21:353-366.

22. Uliveri, C.M.M., R.F. Castronuovo and A. Cardillo. 1992. A split-window algorithm for estimating
land surface temperature from satellite. COSPAR, Washington D.C., U.S.A.

23. Van de Griend, A.A. and M. Owe. 1993. On the relationship between thermal emissivity and the
normalized difference vegetation index for natural surface. International Journal of Remote Sensing,
14(6):119-131.

24.Yang, J. and Y.Q. Wang. 2002. Estimation of land surface temperature using Landsat 7 ETM' thermal
infrared and weather station data. http://www.itrs.uri.edu/research/ LST page/paper4.doc.

1Y 6V o les oV al> \Al



Journal of Watershed Engineering and Management

Determination of surface temperature in Sistan region using

remote sensing technology

Peyman Daneshkar Arasteh', Assistant Professor, Faculty of Technology, Imam Khomeini International
University, Iran
Masoud Tajrishy, Associate Professor, Faculty of Civil Engineering, Sharif University of Technology, Iran

Bahram Saghafian, Associate Professor, Soil Conservation and Watershed Management Research Institute, Iran

Received: 13 September 2010 Accepted: 19 January 2011

Abstract

Earth skin temperature including soil, water, snow, and vegetation surface temperature
is one of the main variables in geo-science studies. Generally, spatial distribution of
surface temperature is needed in such studies. Spatial monitoring of surface temperature
is possible using remote sensing data, and the time series of images provide a
continuous spatio-temporal framework required in modeling energy balance of regional
evaporation, optimization of energy demands or dispersion of atmospheric pollutions. In
this paper, some common methods of surface temperature estimation using satellite
imagery were introduced and calibrations of several forms of split window equation
were addressed for Sistan area, Iran. Split window method is based on the fact that the
atmospheric transmittance varies with wave length and uses a combination of thermal
infra-red brightness temperature and emissivity. To calibrate the split window equation,
ground observations and 22 NOAA/AVHRR images during 1992 to 2002 were used to
develop regression models. Statistical tests were performed to evaluate the equations
and coefficients. Ten AVHRR images were used to verify the developed equations. The
results indicated that three different forms of split window equations successfully
passed the y” statistical test. Both, F and Kruskal-Wallis tests showed that they are not
statistically different at 95 percent significant level. Therefore, the simplest form of
equation was used to derive surface temperature maps in the Sistan region, and is

recommended as the most applicable one.
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