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Figure 1. Geographical location (A), Satellite image area (B) Location in the country (C) Land uses of the study area.
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Table 1. Characteristics of the used satellite images.

(omr 235) (13 2 5ad el (@S Syl Solu 25 b )

Imaging hours (Local Time) Imaging hours (Greenwich) Image Date Number
12:05 7:35 1393/05/01 1
11:05 7:25 1393/05/03 2
11:40 7:10 1393/05/05 3
11:35 7:05 1393/05/14 4
12:20 7:50 1393/05/15 5
12:05 7:35 1393/05/17 6
11:55 7:25 1393/05/19 7
11:40 7:10 1393/05/21 8
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Figure 2. Variability map of A) Surface temperature (°k), B) Normalized Difference Vegetation Index (NDVI)
and C) Surface albedo at 6/08/2014 in the study area.
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Table 2. Values of effective parameter in selecting cold and warm pixels during the study days.

Jsb o X B .

&b J5n g5 " N CK) o sl oS iy el sl

Date Pixel type ST i adl Surface temperature Vegetation Index Albedo
Longitude latitude

1393/05/01 (coldpixel) > -5 374333 4136463 305.13 0.61 0.198

(hot pixel) ¢S 15 379299 4126434 315.58 028 0215

1393/05/03 (coldpixel) s -5 376351 4132317 306.43 0.58 0.186

(hot pixel) ¢S L5 378339 4125493 318.73 021 0239

1393/05/05 (coldpixeD) s+ b5 39455 4127641 305.89 0.57 0213

(hot pixel) ¢S 15 377843 4126148 316.19 022 0243

1393/05/14 (coldpixel) > -5 384507 4128131 306.11 0.56 0212

(hot pixel) ¢ § |5 378778 4126017 315.73 0.28 0.242

1393/05/15 (coldpixel) > J-5e 385606 4127273 307.49 0.61 0.181
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Figure 3. Variability map of A) Net radiation, B) Sensible heat flux and C) Soil heat flux at 6/08/2014 in the

study area.

adlas 3550 slass, Gl (EToa) &l 8,2
Die (g ads pds A28 IKS 5 US4l
O 5 S S s gl G 5 S
5 el o 151 AY/0/V 0 GJU 23 4sad Ol gea
5 ek Gy Gl e S s e 0L
Lol i Blis (Goms 5 ol S lp oa
3 (2sad G35 5o Cnd) (G55 Ghla 4 bss e
5ol Sl pshe 4 byse LOT Sltie Sl
Cand) (Slpe AS i L S Gbls

ol 03 4 (J-ij"": d‘y}‘ﬁgw

Vo

Db Sl ki palie el Gl ey

s S S e s Sl gl S e alls
Vodaly slhesliad b s Olg gl S L Sl
Sao A e axdlas e adbe 5l Sy ol
ke 1) daly Wl s A gl s
Ly oS (ETing) glabs) a3ly 5,00 5 5
anllas 550 alaie 5ol sale ()15 1 5 5ea Ol 4
5 S s Laslsl o A ales (AL s
ols Sl WY ety eled L (ETF) 6w s

jk@)‘.«\i& c\i ﬁda_:b DL QT o Mbu )\J&.ﬂ



AT (1) 05kl (YE) Al S5 g ol Clilis sla g3y 41 i

1393/05/15
§ o e 3
T B
S k-4 - - ‘. -
4 : L
3 r
h L
N-
£ " ETF218 E
T High:na2
B Low:0
1 3

4110000 4120000 4130000 4140000 4150000

4100000

1393/05/15
g s i W s e g
N [e
A5
w«.‘r~‘ E —
- S TN A0 = :
-
- "
. & ETinist-218 &
: P High:0.66 H
{ B 1Low:0
6 3 0 6 12 18 24 &
o™= ™, Kilo:
376000 280000 390000 400000
)|

aadllas 5 40 03 9o 53 VYAY/0/V 0 b 52 G5 g s S (O g ldbaod By e (L) (5l poods gy -t K3
Figure 4. Variability map of A) instantaneous Evapotranspiration and B) Fraction of Evapotranspiration at

6/08/2014 in the study area.

o) il 355 35 5 o ol cadls 3
L (BT-METRIC) i 4550 ¢l 3 428§
2 @ Jsame eddS Sl Gimis s polis
555 A s (ET-Lysimeter) (s ey oSa!
b S B3 5 alis 55 wa b (gl 0 5
oali a8 80 L oalis pl ol 1 ol
oA Sws ¥ Jskr > MBE ; MAE RMSE

NG

"1

Oy, Sndimd &28 o2 0 S5 o
oo A Gl adlas sy adks js 4l
3l LJ_i.'; LIS IS A B (P PRIy
Gble 4 by & &5y, G058 oul
e S5 Ll e S s S
5355 Ky b &l G, s sl
o by S Ly, Gmss YL ol
L S bl 5 (Il coand) ST 5151 7 5

el 0 lo3 S asiine e K, Lo



O)SKe2 g (urow! y9 o

By

.
4[' g

1393/05/01 1393/05/03
g o wm mm em
s N s
w € — J
g s# ‘ g
= K %
e
i ! §
.
I
I !

4
" ET-204
ﬂ oy Hien:ss6 g

e 3 0 6 12 18 24
— — Kiometers
70000 80000 20000 400000
1393I05Il4 1393/05/15
E 370000 30000 390000 400000 g
g | ! s ‘ N 3
[ w w«.}s - g --
| | ® g
§ k : ! H
¥
9
B = 1y i
[ s Fe
E.‘ 'E s r L
‘ " " ETa17 ‘ k.. , ET218
E. ’ - T Highi10.14 l E. = oy Plhinse >§
= s
‘ : i — Low:0 ) { e
B
e 3 o 8 2 18 2 | 18 B
L - - m—Glometers e o
ardooe 000 oo wione
1393/05/19 1393/05/21

andooo
anooon

| +om T

3o

413000 4140000

4120000

!

4100000

4000

o000

1393/05/05

e e e
w+z - o

: .‘& ?& 3
% ‘IF "

¥
=&

-
4‘ ! -uwo
¥
6 3 0 o 12 18 2 I
- " e Kilometers
o - .

5

s

“ . oy h9.14 E
i -

g 6 3 0 o 2 w2 E
Kilometars
Bt . -

andlan 5590 03 905u 53 (5515 5 eaS 595 A 53 Wil3gy B a5 pFes (5 pd ks A2 -0 ISS

Figure 5. Variability map of daily evapotranspiration at 8 Imaging days in the study area.

Ny



AT (1) 05kl (YE) Al S5 g ol Clilis sla g3y 41 i

Sl oKl o MY o 8 G5 e (5 et Y g3l 5 S0 0 S Jan g 0dd 550 plis ¥ Jpun

.Lh.‘;W&hﬁuﬁéwga|rAW6)‘éﬁﬁﬂﬁjj)A ‘5|ﬁ
Table 3. Estimated values by METRIC algorithm and lysimetery evapotranspiration values of rice (mm.day™)
in the research station for 8 days of imaging with the amounts of the error indicators.
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Abstract

Background and Objectives: With respect to that water resources shortage in recent years in Iran
has become a major challenge and the major water losses are in the agriculture section and due to
evapotranspiration, sustainable management of water resources requires identification and correct
estimation of evapotranspiration. Among the different methods to estimate evapotranspiration, the
remote sensing technique is an appropriate option for evapotranspiration estimating because of
appropriate coverage of place and time in regional scale and using this technique, it is possible to
appropriately estimate the regional evapotranspiration without requiring the historical information
about soil, crop and type of farm management. Among the various algorithms based on remote
sensing, in this research, relatively new METRIC algorithm has been used for estimating rice
evapotranspiration in the Rasht city.

Materials and Methods: To estimating the rice evapotranspiration in the Rasht city, meteorological
data of agricultural weather station of Rasht including variables of air temperature, relative humidity,
sunshine hours, rainfall and wind speed in the 3-hour time scale, MODIS Satellite images and
Lysimeter data were used for 8 non-clouds days of the August, 2014. Using the mentioned data and
images and by adopting the energy balance based algorithms of METRIC, The rice crop
evapotranspiration was estimated and for validation the results of the METRIC algorithm, the
Lysimeter measured data at the Rasht Rice Research Institute in the summer of 2014 were used.
Results: The results of this study showed that by an implementation of the METRIC algorithm and
by using MODIS satellite images, it is possible to estimate the actual rice daily evapotranspiration
with a reasonable accuracy. Comparing between the estimated amounts of rice evapotranspiration by
the METRIC algorithm and the measured Lysimeter values showed that the amounts of three applied
error indices including RMSE, MAE and MBE were respectively 1.21, 1.14 and -1.17 mm/day.
These extents represent an acceptable accuracy of the METRIC algorithm for estimating rice
evapotranspiration, but in general, this algorithm tends to underestimate the amount of rice
evapotranspiration so that the mean of evapotranspiration at the 8§ mentioned days using Lysimetery
data and the METRIC algorithm were 9.2 and 8§ mm, respectively.

Conclusion: In general, use of remote sensing technique and METRIC algorithm as a new method
for estimating evapotranspiration have an appropriate and acceptable accuracy and the source of
errors between calculated and measured values of evapotranspiration and underestimating of
METRIC algorithm as well can be attributed to some factors such as low spatial resolution of
MODIS images and selecting procedure of hot and cold pixels.

Keywords: METRIC algorithm, Evapotranspiration, MODIS, Rice field, North of Iran
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