Journal of Water and Soil

(559U galiuo g pole) SB g OF 4 s

Vol. 31, No. 5, Nove.-Dec. 2017, p. 1497-1510 cz?ﬁ;};?b

GLDAS Jae 3 AMSR-E osiouw glassls 5 sslizwl b 3 s Jslas Of 5,41 »
(Q‘ﬁ‘ u,ch«..z db@? 1S40 aatlas)
NP TT R WL PP WH PRI

1395/08/11 w23 55 o
1396/05/07 : 5 . jo

1497-1510. p 1396 o— ,37 5 oty 31 als

2>

ol 4383 15 503 ol 5l i pbisee 1 ()l 4295 390 |l 5 am3 o 48l O wlio o pie (cly ot SleMbl Gy Jolre

WDy IS sl (ladaio wly sl g w4 03) cpess By Jolae Of ¢ Sloa wlie Syp (clase 1 o3l b 4 ol o (aw 4]
9 195-ST 0,lgnle AMSR-E sieiws ailjgy (claosls jl adllas oyl )3 05 yomio cuahad pic 4y ol (Son (Jomo Blislgn Lolys ¢ (315005
d.ﬁ.aj)l d.>l.:).> M9>) Ul))‘ L_J).CJlo..w dLhM? u_‘>bw)k_‘3)) dLmbK.Mw‘ Bel dd‘)'5) L_‘B).: J.)Lta u—‘ U“m ‘5‘); (GLDAS) Oxe) Cja.w L;JLP J_\a
J.:J.) A.).))f oala_wl AT d.d)f O)go d); d)jb)l_\.il oS L;JLBCJ)LJ el 89-90 L;l 85-86 Lﬁ"" dLmJLw J}Io 0 (ul)..\x)Ln ).:).:" Asg> u).c 9
ool Cawsd & o @ deg b g jauiS 3ble ple & Cows (oriwddy sboolSiu] 6515 5 By ol o)L g (SliwnsS 0dgiome ! sl
3 0kd (65 ojlnl By JBo ) odlizul iy Slaalie claodls bawyd 1 pdaw j3 (o) e (Siuen By Jolae ol Gluwle (slaodly
3 Gy Jolme Ol aesd oy 4 o (LS gl 00 )5 0/55 «, 0/27 Oiee j (Swad o pd )8l celb AMSR-E glaodly
Lol 4l jialS aag BB jgbas cpess 8> (lis,) Gial53l b g wlazils )8 20 1600 11350 clis)) zobaw 3 4 0350 oo lvolKtnn)
20,5 dule adlllas 3y90 dibaio ly 2015 312000 095 (ly dilale By Jolre UI GLDAS Jio dilale By Jolae Ll (slodiias I o3 lisul
390 dilate cyrali U (g3 (Jloj 039000 13 g salcud 4y a8 5 9l5 sloele gl By Plas o iz 2y e 2090 o Jls 581 5o
Gy Jolre O liae calls cdn g gy s S yoxto sl 1 SSle (sl ydges g aYlo B Jolre Of (1S5l 4 do g5 b 3gy (6 0053 2515 alllas

) &zl L;w.mlf L, 2001-2015 d)Lo’l 0)9d ) Ql)il U).CJlo.w dLmd..o'?

St (S0l dagST o)lgmle By S (S50 35S (50

el (g5t By 09D 9 oy Joad Jo b )3 (Sigdg s
i pob a Ig e By Polee O oy - Gl sla Sy
D94 Dol caliseo (gl Jas b g a0 5l iomiw (sboedly I padiune
ey Lo pSojll Byl 5l s j5b & Olgien cnizeen
.(28) 5)97 Cand a1y By Polee
g ol S — Slej sba Sy 35l p sl &5 olb Jso
e OYole (g0 S g Vgame 29 0 )5 4 B Gl
b g2 5 S By o [ 551 5 o Wjlge & W) 4SS
g 3o wlidlgn (claodly swjls La Jue ool (12) a8 o
plato sk 4 Ll 31 6yl 4 S8l oo il (5 yzal)ly (s Lmodld
M 25l 1B ]y 4 L g g oed (5 S0l
lato b duslio ) Yoaro By Jolas Ol (isej (sl yS o3l
3 eg93 ol o slaodls jf ssel cess &) slagess b 5 by

doddo

puvey) Ollas P ‘UT 5D 04 b),}..) u] 9 J)..v L)’“‘“’?’ .5)91)).

5 b B Gy )5l e (1) a2 5 8 b cou

o Algs o ‘L'j 50 odd (g iluwo s d o PO (pitred g 5

slaie bl g 2lsp g ol s oyl oy de Ul
(18) sl I35 155 lgng Ol (gjludund

sl e 5 odlizal gl By Poloo O Gloj g e i

(5598 1Sty (T lie wdige 09,5 liwl 5 (6,585 el -2 4 1
Olted i (Jegy oSl
(Email: smarofi@yahoo.com o 0y g5 =)

DOI: 10.22067/jsw.v31i5.58484



1396 55— ;315 oylouis 31 ol oS 5 T 45 1498

ailaie du ,d a5 3l s obs) s 60,8 Wb, 2011 46
eSS pylagy dibate )3 (S g 0391 (Bl e S| (e
Shalie polie jl 28 AMSR-E claosh b By Jolse
aS ol s s (21) ohlen § ks cldlas il o
3 AMSR-E osizxins slaosh jloslitul b Gy Joleo O e
S (5 ey gllad (G oSTpte (LS gy 5 (IS bl
OhSen 5 SOU el (LS (ide (g 9 b Glo )
slaosly jlosliwl b s oyt Jlocs 3 gbly ases 5> (20)
adyy 48 ol i gl 53,8 55l 1) By Jolee I AMSR-E
9 SOb il o 04T ¢ po Lo 32187 sy ilowlxo
g9 slmodls jl osliwl L 1y Gy Joleo of (43) o)) \Se
3 B35 5 155 gl 2 > AMSRAE osioris byt
Syt Plre Ol (il w268 0 Sgo Jels Sl (oS i
LS Licse b bl )3 )5l p ol a8 ol oLis ¢ wadly
Cosl (ludgr (9 g s (LS by b sblie I jie oS5
PAMSR-E Gy Jolas o (claosh 51 (14) 51,3 5 Suilo;
odlaul LSS yol Jloms 13 (3 (gjlawannss (¢l SNOWLT Juo
ozt (sl 02> 3l eslatwl (S el j3 a8 sl L ol s S
Dy o SNOWLT Juo lawgi (gjlodend 5000 b AMSR-E
o3l jl oalid Ly by Jolae ol pess b (33) ol e 5,3l
4 aoob L bULK 0 GLDAS Jas g 590 il Lionw o
chlby gblie an bgyye By Jolae o 54110 slas o i
23l e odomy Bl

as Gy Jolee O 59l die; 3 o plosl Slalllas ST
ods ool wl JUsd g 5159,S0ke (slrodly 3l 50l yiziuw b,
ol (6 pSojluil (Sanid )y sled 5l wlgy o By Jolae o g
s299,50Le glgol 55 (18) T o> &y JUub i 595 S0lo Loy
L nl) lop g ol baalpd 5l sl IMawl (3o poglad a4y o
Job (292 FYeb wilba lsn (2lidy) g (Olewl o9 Slo
5 bef 53,5 ol il 4 ol 3985 sy ga99)Sole anil 290
Gl}al 4l P ]a.wy ;Jufl)) ol 9 dgu 0 (S9> sony ple
g a3 e £y FobsS )9 slagge Job (sl o (ISdie o ol
gl bl plas o Loy 525,80l (6531 s b 295 00
Oloj s ;3 ool (g0l per el § o oo Cunsj g (2ls
Joleo O elmodls 4y o yzaos 2002 Lo 514(37) wisly anils 3924
15T 0l5ale 499,05 Le odizxin jl ookl b Slea pdaw y> iy
Jolee O sloodly  riwcoms .calors ply K6l (AMSR-E)
5 ol yebate 4 16ST 999,50 Lo o 5l ol cawd 4 Gy
39) ol (5395 sl o @lin iy e

sba S ojhsl (ol JSie Jg i Jl)95 50 6yt <8
Gy SLSe mser 5l (B CleMbl Ll a8 cul oyl (puej
Bblis o ojugan By oy Sojll slacole yj e o
Az oSy bl o 2b5 By 08D pliee o ) 45 SliungS
L ccorbal o slogSl e 1 by ot sz ol b
o By Sl i 29l sl e sl 6 ol 5l ool
Cowl ol b 9yd s gy odas SN Lol il oa 0y )l
ol 3 055 s Lo e Safll o8l 45 56 @ e o8
03758 Sln i Gk 1165 Jyoms b &t b Sl
25 (oo g dgdoe ddlain g o Su (slp Vgens g (e
9 &y slacalus 13 593 I Gioxis glaoslsy jl esliul cyl b
bl 590 B Jolae O 035 gl S sloas
(11)

O3 gl yd ol o slaedly I oslatwl lpl p
by (Si5dgrin glais 13 (T o) 5 B (s o
2 oy el o plol 27 516 10 9) (] Samgsy ) (S50
593 oly 51 i slmodls &b 5l Gy Jolee O ppess dine;
o (81 5 3) pliimo 51 (S a2 )F ol 4285 ol (oS i
Uiy ghaw 93 5l pioxiw (slaosly jledlatul b pudies 8 5k
g iy olSiuwl By Jolee ol Shalie slaodls g by
Ol b obld) (30035 1y Jolae Ol cpus lss olnisbgy 3,)8° L
Ly Jolee O dploes aiej 3 lalllas j4uiS 5 25,0 Jbs
Caldid 5 o (gloylgale (slrodly I eolicwl

yolai jloslazul b1y Gy Jolee Of (11) (e g oy
odalcund 4 slapass Ul clp g 35 eSS o9 99,5 ke
(38) S5 055,35 oslazul LIS Gyé )3 inej Shalie (clmodls I
1y Gy Jsbeo o AMSR-E" saizias ailj, cslaols ;1 oslizul b
230y Jolre o bl (sl 2538 dlono 4S5 55
23,8 oslil 2002-2003 Jlo b cuej (505l (slaodls )
g adbate (B1)S995 4 gl b (e B> &S 3 (LS byl
Jolo G B9) LS8 (g 5 Kb e Soglite e i35 £95
Jolee Of slaoshy 5l oslil L LIS )5 gdly (clasgs p 1) oy
L) s 3535 5055 gsST oloale AMSR-E oioeias oy
3 yiado 12 o3ga50 j3 llae (slas uSilo Hlade a5 ol \Lis
e i) e 55l 5 o e 5O B lies s bl
Gl gz 055 1 o ly ailale Jlax )3 (B) 52 9 g Sl
AMSR-E G, Jolso Ol (slaosly jl oslal b 1y By Joleo
152002 juolws Sloj oygd 3 (e (sloodls b g 1635 pwescs

1- Advanced Microwave Scanning Radiometer for Earth
Observing System
2- Aqua
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1- Global Land Data Assimilation System
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Station Longitude Latitude Elevation (m)
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Afan 8l 45° 38’ 36° 05’ 1500
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Gakesh Olia U zs18 45° 29’ 36° 28’ 1700
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Kamem .l 45° 43 36° 34 1750
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khalife aals 45° 33’ 36° 44’ 1910
Jandaran |5l 45° 30 36° 25’ 1850
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Figure 1- Location of the study area and snow survey stations
SWE =4.8 (T|gH - T37H) (3) SD =1.59 (T|gH - T37H) (1)

oyl Laolgy gl )y SWE = SD x 10 Snow Density 2)
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2- Root Mean Squared Error
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1- Hierarchical Data Format - Earth Observing System
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Introduction: Snow water equivalent (SWE) provides important information for water resources
management and recently has attracted the attention of many researchers using remote sensing. Remote sensing
presents a possibility for observation of snow characteristics, like water equivalent, over larger areas. Validation
of remote sensing data of snow water equivalent (SWE) has always been an important issue for the researchers.
Previous studies have assessed the global SWE data. Although it has been tried by using large-scale models of

the world to estimate SWE, but regional effects such as snow density, topography and local meteorological
conditions may lead to uncertainty.

Materials and Methods: The Northwestern Iran was selected as the study area in this research. Reasons for
choosing this area are being mountainous with much snowfall. Also this region compared to the other parts of
Iran, has more dense snow survey stations. In this study the AMSR-E sensor data and Global Land Data
Assimilation System (GLDAS) was used to estimate SWE in the basins of the northwestern Iran. After
processing AMSR-E sensor data and GLDAS model with related software, SWE was estimated in the snow
survey stations and evaluated with observed data. To specify the snow density effect on SWE data in AMSR-E
sensor from the snow density data, the stations were used. To determine the accuracy of estimation of SWE at
different heights, snow survey stations is arranged by considering height and were divided into four height
classes that contain enough observational data to evaluate computational data in each height class. To verify
SWE obtained estimations in the stations, Root Mean Square Error (RMSE) and Pearson correlation coefficient
(r) assessment criteria were used. After evaluating, the SWE data of AMSR-E sensor and GLDAS model for the
GLDAS model monthly data to estimate SWE was used for the period 2000 to 2015. With calculating average
annual SWE from monthly data, SWE trend changes in mentioned period, the moving averages graphs 3, 5 and
7-year-old was drawn.

Results and Discussion: According to the obtained results, SWE computational data with observational data
had significant correlation at the 1% level. Using in situ snow densities, the correlation coefficient between
AMSR-E and situ SWE increased from 0.27 to 0.55. The results showed that the best estimation of SWE is in the
stations, which have the height of 1,350 to 1600 meters. Also with increasing altitude, the estimation accuracy is
significantly reduced. In most years maximum of the SWE was obtained in January and February and in the
period of June to September, the area was out of snow storage. According to the average annual SWE and
moving averages graphs 3, 5 and 7-years old, the SWE of Northwestern Iran basins in period 2015-2001 has a
reducing trend.

Conclusions: In the regions like the Northwestern Iran mountainous where snowfall constitutes a significant
fraction of total precipitation, the snowpack delays the resulting runoff into the time of year where water demand
is greater. So measurement of snow on the ground has been an important component of hydrologic forecasting
for a century. Various remotely sensed snow data have been widely utilized for cold regions to explore the
relationships between snow distribution, river discharge, and climate change. The accuracy of remotely sensed
snow products should be well understood and incorporated in any investigations using such data. The main
objective of the present study was to quantitatively compare the AMSR-E and GLDAS model for an
understudied region of the earth. AMSR-E global SWE data and GLDAS data were compared by situ SWE
measurements performed in the snow courses. The results showed that the snow density is an effective factor in
derived algorithm for the SWE AMSR-E data. Also with increasing height, precision of the estimation
significantly decreased. The determination of SWE from satellite imagery in progress updated with new
learning. The obtained results from passive microwave in smooth terrain are promising, but involvement of
different mechanisms become more complicated as the terrain gets more complex. Nevertheless, it is believed
that if the above discussions are taken into account, AMSR-E would provide valuable SWE information even for
a mountainous region like Northwestern Iran. It is also hoped that this study would be a starting point in the
water scarce, developing Iran to plan and use the limited supply in a suitable manner.
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