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Table 2. Various types of algorithms for land surface temperature calculation
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Table 3. The recorded temperatures at meteorological stations and the obtained temperatures using split-window
algorithms
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Table 4. The results of the accuracy assessment for each algorithms
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Table 5. The Root-mean-square deviation (RMSE) value for each algorithm at all stations
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Fig 4. Land surface temperature (LST) value for each algorithm; (A) Price, (B) Mc Calin and Partners, (C) Becker and
Lee, (D) Prata, (E) Sobrino, (F) Vidal
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Fig 5. Land surface temperature (LST) value for each algorithm; (G) Ottle and Vidal, (H) May, (1) Kerr and Partners,
(J) Prata, (K) Sorino, (L) Salisbury and Partners

Fac. .-E FFo. .-E FYo. .-E FAC .-E Fqo.r .nE

Z 4
! e
: o
o -
= 3=
z 4
% =
: o
< <
> >
z 4
3 o

: o

> >
= =

o
“..II -

(s sr (G0 G555k 5 Gossd () eSS 5185155 (5) 550k 5 IS (5) 805 830 sl 3 s (sl Sl IS
55 (U2) (e85 J ST (2)

Fig 6. Land surface temperature (LST) value for each algorithm; (M) Cole and Partners, (N) Franca and Cracknell, (O)
Bulivoury and Partners, (P) Ulivieri, (Q) Cole and Kasilis, (R) Qin

\Y



\YAA "_)\:...J.U (c‘gé oJLa-:': /rh.: Jw) ‘;'-:]9 G\-’w BL) ‘;’»'L}‘f.‘? Ol sblw 5,9 J" u;at....»

GG, g ey Wt S 5l g Sl a2 Sliea S
o sh 5 slsen laced 4 ok S 3l Oliea S
S b Sop b Al S IS w5 3550 25k sl
3 o St SOk SLol3 5 Conladalys o sS oy S
Sl /18 RMSE L el S 5 55 slaokts |
Sl Ao esls jaskil Cle e CEM oy acul>es
Lokl plo G sl bl oS Ul Ol el
elastl st w1 gLl eS 38 Olmldl Ol
Sh1s 5 035 s 3 e 5 Sistaags (Bl 515 el 03
Sl L 5 S a0l 5 5L 5 Dyl s Ol s
ool ! gl *NY RMSE L Jlus 5 ol o, S
Sz VAT RMSE Sike L o o, Sl s Ol
o a8 s 5 o LST s (gl Sl oS
Slelisl 5 s 3 Sy eSey om0 B S Ul
Coslme ol Slea ST g5 (..315\ sbls (e s O
Lol Sl axlios b s S Sl asle Ol g2
el Bl Ol gt ol Sl edd Gl A 4l
s s AT ke Tl s e ol s
Sl oS n 5 Olgea V) RMSE ldie b s e
ool sl oSl pamen A oS 5 Bl )
b b Jtae 5 Slan S (sl glils &S 5 0l4ad
oK) gl s sl LST awls gl +/YV RMSE
ailin e 5 ol Sl S Jtins 81 513 oSS
S (RS Sl e 150 s Ly g K Gl
rb;iu e VARMSE s L (80 5 6Y) 0l
e A edls (aiS e mhae gles sl
S osba 4 3,5 03T Ol S sl S 025 Sl
RMSE L LST auls gl 5 sl it 55 r.:lél shls
ool gon Sl ol b el (5, S oy 5 Ol e VIV
sk Gl 5 S s e s slasl b cos
eeh 4 S 1E bl e SU 5 dlne 5 el gL
Ol ks Lol 3 3l w8 e slasl cpl s edle

o 9wl glaaxbs 5ol sladlea S G

SRS amS 5 Loy
on 3 Al Gl wes laelansl 1 eslinal
Shls el lin 35 12 e Los dile ol (sla oL
s gl ol RS IO | R - R PNGIVE PR
Col &S 58 oLl Sledbl pl O3p a4 Ol5
S elise sl pLosse sl L anlee )3 550 00
0 51 Lha 4 Ljlsalols abidla ool b oS (e o
Sl Ol el ey S Sl as
5 SSas kil Jd o elile el
357 el g Lol slaia o3 Do sellcas
JON U GO I YR P W B = P NP W PSR
535l 3455 S ayeplsl (0) sy dal s
ol il ey cpl 5s COSis l (gl LiSal, Ll
oS Glp L e S 5 bl (35S
gl 3l e ot 3 (lils b e s 2l
Slresls o 5L Wl e e SV sb 3 5 AS s el B
(,.:..{)jil\ WA Sl asdlles pl js das 2alS jls 1) e
e Bl ey e Sles anile Sl Dz o ey
MODIS st 5l (sl LST alons o2, S (o 20
amlie 3l elelcwse Sledbl wy A el
Cons Sl (V50 gl JS2) 1z o 2my slapn, Sl
Sl adlaie 1S 8 Lal sl eddale lales S
el 3 Sl ams pslie S LE S sbe
(Gl sS) i gl b glacand 4 by s L, S
CUJ)\ shils >y ool polie 5 conl adae 5o 2D
g el Bl Sl (Sl alS Rds LU ol
b ol ol Esl 3,3 Olml 3T bl 3 35 50 oouldl
Cslize il Bl 53 ol LS agn, SISl els s
=Bl Ghls oSl Ol el Sgysba sl ails
BB o Sansy OF Jlol aasiie 5 Col Jlia S 55
RMSE . Sibe L (£0) OLan 5 s ppm ooy S
V.q)jfjl gl oeomes Ad Ol LST aculs (gl 5 +/4Y
53 ol Sl Al Ol el dSlew S 5 5 Ol g )

Y



el 0 oy laen ) S g1l L5

5 Ve oy slanz s S 51 el U eldaalon slos
Bl5 e ek Sl pslad ¢ bl sleelSan)
BUgble 3 ) mhw Gl anlme Gl age e
il bl oS
ULST vl (gl 5y o Slids 53 Sl 2
St Casby deas Ol a s Wb ol el YU s
S ey Al asly s el il o Slo 5 (65
S Ol e sl

References

1. Alsdorf DE, Rodriguez E, Lettenmaier DP. 2007.
Measuring surface water from space. Reviews of
Geophysics, 45(2): 1-24.
doi:https://doi.org/10.1029/2006RG000197.

2. Asadzadeh A, Faith H, Shawl M. 2015. Spatial
Inequalities in the Development of the Agricultural
Sector of East Azerbaijan Province. Journal of
Space Economics and Rural Development, 4(2):
41-45. (In Persion)

3. Alavi Panah SK. 2016. Thermal Remote Sensing
and its Application in Earth Sciences, Third
Edition, University of Tehran Press, 666 p. (In
Persion)

4. Bakhtiari B, Delgarm S, Rezazadeh M. 2016.
Selecting the most appropriate split-window
algorithm for land surface temperature estimation
using MODIS sensor (Case study: Kerman plain).
Journal of Water and Soil Conservation, 23(2): 81-
98. (In Persion)

5. Benali A, Carvalho AC, Nunes JP, Carvalhais N,
Santos A. 2012. Estimating air surface temperature
in Portugal using MODIS LST data. Remote
Sensing of Environment, 124: 108-121.
doi:https://doi.org/10.1016/j.rse.2012.04.024.

6. Bulivoury RE, Hartford RA, Eidenshink JC. 1993.
Using NDVI to assess departure from average
greenness and its relation to the fire business.
Intermountain Research Station: USDA Forest
Service, 8: 121-137.

7. Becker F, Li Z-L. 1990. Towards a local split
window method over land surfaces. Remote
Sensing, 11(3): 369-393.
doi:https://doi.org/10.1080/01431169008955028.

8. Cao L, Li P, Zhang L, Chen T. 2008. Remote
sensing image-based analysis of the relationship
between urban heat island and vegetation fraction.
Paper presented at the The International Archives
of the Photogrammetry, Remote Sensing and
Spatial Information Sciences. Vol. XXXVII. Part
B7. Beijing 2008, 1379-1384.

9. Carlson TN, Ripley DA. 1997. On the relation

\YY

S O3 Ol Ay e el 5 laids (G smny
Clmay Sistand bl s adil Ghuends Bl
el e s Yoo JIYOr VL SL o Sile 5 L e
ol o3 s e gles RIS s w0 ) sladle s
O 5sliS SN pame Olps 53 LAl Ly, Ol
Sonl3l el o3l sy eda slacd oo el hok
SIS g W s b ey mlan slos anlow
Sl @lr Oty e Olget Ll 5535l onim
s oakblie Gl Olpde 5 Olpy aely slaciaa 5 aael
el el AL oSl Gl Gl Jeely Ol
23 s g Sles anle g elliplil Gla ey
Sl A Cadd s 1S (W) Glea S 5 5w Sl
1S ol O Sl Lo S oslizul (e pehaw (slos rlons
Y s e 4 ol Slidss s sddamlow RMSE |l
53 edel w3 RMSE 5l (g i jldie 45 sl a5 Y/Y
s Bl sl /ATl el Gl G
oSay) gl sldarwles RMSE I (g S ldie 5 (+/44)
Jzme 31 55 odlplosil Gl pioman sl (/AT Sl
slasOlis e CEM Slos aule gl (V) Sl S
BB 4 e S Sl s VW RMSE Sl
bl ool @ Ced VL i Sl ey
G S by (%S Slaie 5 (/YY) 0lsad oKasl (VNY)
el el olal s (V/A) s ol
oSl aS () OLes 5 ol ey sddielnil s,
Sl e gl Sl aale slaiens Lo o 2y c-“w)—{”
G Siand ol s S 0L S Ok b
35S w0 Sl Loy S aslizul 353 0
Sl oy S e (VT MAE s L el
RMSE Jldde [tas5 cnl 53 45 Jl)s el Lls bapz, S
Jis 5 absl V:w,in 5 eslinal b Wl oSl gl +/NY
oSl YL 35 stasolis S ol ol (FY)

el 81l

O elddwl=s RMSE lude 054 ol 4 a5 L



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

\YAA "_)\:...4.\5 (c‘gé oJLa-:': /rh.: Jw) ‘;'-:]9 GL’»A BL) ‘;’»'L}‘f.‘? Ol sblw 5,9 J" u;at....o

between NDVI, fractional vegetation cover, and
leaf area index. Remote Sensing of Environment,
62(3): 241-252. doi:https://doi.org/10.1016/S0034-
4257(97)00104-1.

Chehbouni A, Lo Seen D, Njoku EG, Monteny
BM. 1996. Examination of the difference between
radiative and aerodynamic surface temperatures
over sparsely vegetated surfaces. Remote Sensing
of Environment, 58(2): 177-186.
doi:https://doi.org/10.1016/S0034-4257(96)00037-
5.

Cole A, Menenti M, Feddes R, Holtslag A. 1994,
A remote sensing surface energy balance algorithm
for land (SEBAL) 1 Formulation. Journal of
Hydrology, 212(3): 198-212.

Coll C, Caselles V, Sobrino JA, Valor E. 1994. On
the atmospheric dependence of the split-window
equation for land surface temperature. Remote
Sensing, 15(2): 105-122.
doi:https://doi.org/10.1080/01431169408954054.
Eleftheriou D, Kiachidis K, Kalmintzis G, Kalea
A, Bantasis C, Koumadoraki P, Spathara ME,
Tsolaki A, Tzampazidou MI, Gemitzi A. 2018.
Determination of annual and seasonal daytime and
nighttime trends of MODIS LST over Greece -
climate change implications. Science of The Total
Environment, 616-617: 937-947.
doi:https://doi.org/10.1016/j.scitotenv.2017.10.22.
Eskandari S. 2019. Comparison of different
algorithms for preparing land cover map in
sensitive habitats of Zagros using Sentinel 2
satellite image (Case study: part of Ilam province).
Journal of RS and GIS for Natural Resources,
10(1): 72-87. (In Persion)

Emami H, Mojarradi B, Safari A. 2016. Presenting
a method for assessing the accuracy and validation
of land surface temperature from remote sensing
data: a case study of Fars province. Journal of
Mapping Science and Technology, 6(1): 1-17. (In
Persion)

Feizizadeh B, Blaschke T, Nazmfar H, Akbari E,
Kohbanani HR. 2013. Monitoring land surface
temperature relationship to land use/land cover
from satellite imagery in Marageh County, Iran.
Journal of Environmental Planning and
Management, 56(9): 1290-1315.
doi:https://doi.org/10.1080/09640568.2012.71788.
Faizizadeh B, Dideban Kh, Gholamnia Kh. 2016.
Estimation of land surface temperature using
Landsat 8 satellite images and a split-window
algorithm (Case study: Mahabad basin). Journal of
Sepehr, 25(98): 171-181. (In Persion)

Franc G, Cracknell A. 1994. Retrieval of land and
sea surface temperature using NOAA-11 AVHRR:
data in north-eastern Brazil. International Journal
of Remote Sensing, 15(8): 1695-1712.
doi:https://doi.org/10.1080/01431169408954201.
Gillies RR, Carlson TN. 1995. Thermal remote

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

sensing of surface soil water content with partial
vegetation cover for incorporation into climate
models. Journal of Applied Meteorology, 34(4):
745-756. doi:https://doi.org/10.1175/1520-0450.
Ghaffarian Malmiri H, Zareh Khormizi H. 2016.
Highlighting the time series of satellite data Earth
surface temperature using time series harmonic
analysis algorithm (HANTS) algorithm. RS and
GIS for Natural Resources, 8(3): 37-55. (In
Persion)

Hashemi Darreh Badami S, Nouraei Sefat A,
Karimi S, Nazari S. 2015. Analysis of the
development process of urban thermal islands in
relation to land use /cover change using Landsat
image time series. RS and GIS for Natural
Resources, 6(3): 15-28. (In Persion)

Jin M, Dickinson RE. 2010. Land surface skin
temperature climatology: Benefitting from the
strengths of satellite observations. Environmental
Research Letters, 5(4): 044004.

Kou X, Jiang L, Bo Y, Yan S, Chai L. 2016.
Estimation of land surface temperature through
blending MODIS and AMSR-E data with the
Bayesian maximum entropy method. Remote
Sensing, 8(2): 105.
doi:https://doi.org/10.3390/rs8020105.
Luterbacher J, Dietrich D, Xoplaki E, Grosjean M,
Wanner H. 2004. European seasonal and annual
temperature variability, trends, and extremes since
1500. Science, 303(5663): 1499-1503.
doi:https://doi.org/10.1126/science.1093877.

Liu Y, Yamaguchi Y, Ke C. 2007. Reducing the
discrepancy between ASTER and MODIS land
surface temperature products. Sensors, 7(12):
3043-3057. doi:https://doi.org/10.3390/57123043.
Latif MS. 2014. Land Surface Temperature
Retrival of Landsat-8 Data Using Split Window
Algorithm-A Case Study of Ranchi District.
International Journal of Engineering Development
and Research, 2(4): 2840-3849.

Khorchani M, Vicente-Serrano SM, Azorin-
Molina C, Garcia M, Martin-Hernandez N, Pefia-
Gallardo M, El Kenawy A, Dominguez-Castro F.
2018. Trends in LST over the peninsular Spain as
derived from the AVHRR imagery data. Global
and Planetary Change, 166: 75-93.
doi:https://doi.org/10.1016/j.gloplacha.2018.04.00
6.

Kerr YH, Lagouarde JP, Imbernon J. 1992.
Accurate land surface temperature retrieval from
AVHRR data with use of an improved split
window algorithm.  Remote  Sensing  of
Environment, 41(2): 197-2009.
doi:https://doi.org/10.1016/0034-4257(92)90078-
X

Mildrexler DJ, Zhao M, Running SW. 2011. A
global  comparison  between  station  air
temperatures and MODIS land  surface

\YY



el 0 oy laen ) S g1l L5

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

V¢

temperatures reveals the cooling role of forests.
Journal of Geophysical Research: Biogeosciences,
116(G3).
doi:https://doi.org/10.1029/2010JG001486.

Mao K, Qin Z, Shi J, Gong P. 2005. A practical
split-window algorithm for retrieving land-surface
temperature from MODIS data. International
Journal of Remote Sensing, 26(15): 3181-3204.
doi:https://doi.org/10.1080/01431160500044713.
Neteler M. 2010. Estimating daily land surface
temperatures in mountainous environments by
reconstructed MODIS LST data. Remote sensing,
2(1): 333-351.
doi:https://doi.org/10.3390/rs1020333.

Ottlé C, Vidal-Madjar D. 1992. Estimation of land
surface temperature with NOAA 9 data. Remote
Sensing of Environment, 40(1): 27-41.

Prata AJ. 1993. Land surface temperature from the
advanced very high resolution radiometer and the
along-track scanning radiometer. Journal of
Geophysical Research. 98: 16689-16702.

Price JC. 1984. Land surface temperature
measurements from the split window channels of
the NOAA 7 advanced very high resolution
radiometer. Journal of Geophysical Research
Atmosphere. 89 (D5): 7231-7237.

Qin Z, Li W, Chen Z, Tang H. 2004. Land surface
emissivity estimation for LST retrieval from
Landsat TM6 data. Remote Sensing for Land and
Resources, 3: 28-32.

Qin Z, Dall'Olmo G, Karnieli A, Berliner P. 2001.
Derivation of split window algorithm and its
sensitivity analysis for retrieving land surface
temperature from NOAA-advanced very high
resolution radiometer data. Journal of Geophysical
Research: Atmospheres, 106(D19): 22655-22670.
doi:https://doi.org/10.1029/2000JD900452.

Rott H. 2000. Physical principles and technical
aspects of remote sensing. In: Remote sensing in
hydrology and water management. Springer, pp
15-39.  https://doi.org/10.1007/1978-1003-1642-
59583-59587_59582.

Sabziparvar A, Fakharizadeh Shirazi A, Nazem
Sadat S, Rezaei Y. 2016. Land surface temperature
validation obtained from satellite images of
MODIS and Landsat-5 (Case study: wheat fields
of Marvdasht plain). Journal of Water and Soil
Conservation, 23(2): 21-43. (In Persion)

Salehi N, Ekhtesasi MR, Talebi A. 2019.
Predicting the trend of land use change using the
Markov chain model (Case study: Ramsar
Saffarude). Journal of RS and GIS for Natural
Resources, 10(1): 106-121. (In Persion)
Santamouris M. 2013. Using cool pavements as a
mitigation strategy to fight urban heat island-A
review of the actual developments. Renewable and
Sustainable Energy Reviews, 26: 224-240.
doi:https://doi.org/10.1016/j.rser.2013.05.047.

42,

43.

44,

45.

46.

47,

48.

49.

50.

51.

Sun YJ, Wang JF, Zhang RH, Gillies RR, Xue Y,
Bo YC. 2005. Air temperature retrieval from
remote sensing data based on thermodynamics.
Theoretical and Applied Climatology, 80(1): 37-
48. doi:10.1007/s00704-004-0079-y.

Sun AY. 2013. Predicting groundwater level
changes using GRACE data. Water Resources
Research, 49(9): 5900-5912.
doi:https://doi.org/10.1002/wrcr.20421.

Sobrino JA, Raissouni N, Li Z-L. 2001. A
Comparative Study of Land Surface Emissivity
Retrieval from NOAA Data. Remote Sensing of
Environment, 75(2): 256-266.
doi:https://doi.org/10.1016/S0034-4257(00)00171-
1.

Sobrino J, Caselles V. 1991. A methodology for
obtaining the crop temperature from NOAA-9
AVHRR data. International Journal of Remote
Sensing, 12(12): 2461-2475.
doi:https://doi.org/10.1080/01431169108955280.
Sobrino J, Coll C, Caselles V. 1991. Atmospheric
correction for land surface temperature using
NOAA-11 AVHRR channels 4 and 5. Remote
Sensing of  Environment, 38(1): 19-34.
doi:https://doi.org/10.1016/0034-4257(91)90069-I.
Salisbury CM. 1997. Retrieving land-surface
temperature from satellites. UCSB MODIS LST
Group mom page. Retrieved from:
http://www.icess.ucsb.edu/esrg/sum97/
studentEss.1997/cleo_Salisbury/cleo_final
paper.html.

Tang B-H, Shao K, Li Z-L, Wu H, Tang R. 2015.
An improved NDVI-based threshold method for
estimating land surface emissivity using MODIS
satellite data. International Journal of Remote
Sensing, 36(19-20): 4864-4878.
doi:https://doi.org/10.1080/01431161.2015.104013
2.

Ulivieri C, Castronuovo MM, Francioni R,
Cardillo A. 1994. A split window algorithm for
estimating land surface temperature from satellites.
Advances in Space Research, 14(3): 59-65.
doi:https://doi.org/10.1016/0273-1177(94)90193-
7.

Williamson SN, Hik DS, Gamon JA, Jarosch AH,
Anslow FS, Clarke GKC, Scott Rupp T. 2017.
Spring and summer monthly MODIS LST is
inherently biased compared to air temperature in
snow covered sub-Arctic mountains. Remote
Sensing of  Environment, 189:  14-24.
doi:https://doi.org/10.1016/j.rse.2016.11.009.
Wan Z, Zhang Y, Zhang Q, Li Z-l. 2002.
Validation of the land-surface temperature
products retrieved from Terra Moderate Resolution
Imaging Spectroradiometer data. Remote Sensing
of Environment, 83(1): 163-180.
doi:https://doi.org/10.1016/S0034-4257(02)00093-
7.



Y48 sl (‘a‘ga o ylouds /‘,.A.aj\g JL) b CL-A 25 bl g Ol Sbilu 5 95 51 Shovw

52. Valizadeh Kh, Gholamnia Kh, Einali G, Mousavi Persion)
M. 2016. Estimation of land surface temperature 53. Zhao S, Qin Q, Yang Y, Xiong Y, Qiu G. 2009.
and extraction of thermal islands using split- Comparison of two split-window methods for
window algorithm and multivariate regression retrieving land surface temperature from MODIS
analysis (case study of Zanjan city). Journal of data. Journal of Earth System Science, 118(4):
Urban Research and Planning, 8(31): 35-50. (In 345. doi:10.1007/s12040-009-0027-4.



RS & GIS for Natural Resources
(Vol. 11/ Issue 2) Summer 2020

Indexed by ISC, SID, Magiran, Noormags, Civilica, Google Scholar for

RS & GIS

Natural Resources

journal homepage : www.girs.iaubushehr.ac.ir

Evaluating the types of split window algorithms for calculating the
land surface temperature to determine the best algorithm for

MODIS sensor images

Mohammad Kazemi Garajeh, Behnam Salmani, Bakhtiar Feizizadeh

Received: 28 February 2019/ Accepted: 17 May 2020
Available online 5 July 2020

Abstract

Background and Obijective In recent years, the
study of climate changes as well as their effects, has
become a constant topic in the scientific fields of
many countries. One of the main features of these
changes is the increase in air temperature over the
last 5 decades compared to the last 500 years.
Statistics show an increase of one degree centigrade
in air temperature over the last 5 decades. The land
surface temperature means the radiant temperature of
the earth's crust and the amount of pure energy that is
balanced on the earth's surface under climatic
conditions and depends on the reached the amount of
energy, surface emissivity, humidity and atmospheric
airflow. Land surface temperature is considered as
one of the key variables in climate and environmental
studies of the Earth’s surface. It is also one of the
basic parameters in the physical features of the
earth's surface at all scales from local to global.
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Currently, the most important sources of climatic
data are meteorological stations, and these stations
provide climatic statistics for certain points, while the
temperature may alter at different intervals stations
and decrease or increase compared to the desired
station. Therefore, it is necessary to have a
technology that can eliminate the shortcomings of
meteorological stations in calculating the temperature
at sampling intervals and in impassable places where
it is not possible to build a meteorological station. In
recent years, new sciences such as remote sensing
have provided new ways to monitor the environment
and acquire, evaluate, and analyze environmental
data, and can provide a wide range of parameters
relating to the environment. This technology is
considered as an important and increasing source of
information for studying climate change that has a
direct impact on global warming. Over the past two
decades, 18 algorithms have been developed to
calculate the land surface temperature. These
algorithms fall into four categories: emissivity-
dependent models, two-factor models, complex
models, and radio-based models. The results of the
comparisons between different algorithms shows that
different algorithms perform differently in different
situations with different geographical climates.
Therefore, the present study aims to compare the
types of LST calculation algorithms for MODIS
sensor images and determine the best algorithm for
East Azarbaijan province.
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Materials and Methods Convert digital numbers
(DN) to spectral radiation. The following equation
was used to convert the numerical values to spectral
radiation for thermal bands of MODIS sensor images.

— [(Lmax_Lmin)]
LA - [(QCalpmax—QCalymin)xQCal]+Lin [l]

Planck's equation was used to convert spectural
radation to spectral reflection when the radiant power
of thermak data of MODIS sensor is considered to be
a maximum of one.

TB = —2— 2

) [2]
In order to estimate the surface emissivity, the
Normalized Difference Vegetation Index (NDVI)
thresholding method is used. The radiant power is
divided into three categories to determine the soil
characteristics in each pixel and to calculate the
emissivity rate and  emissivity  difference;
0.2>NDVI, it is considered as dry soil and its radiant
power is considered to be equal to 0.978. 0.5 NDVI,
it is related to pixels with higher vegetation density
and its radiant power is considered 0.985.
0.5>NDVI<0.2, it is based on a combination of pixels
relating to vegetation and soil and the radiant power
for them can be calculated using the following
equations.

€= SVeng + egoi(1 — B) [3]

In this equation; P, is the vegetation ratio, that its
value can be calculated using the following formula.

__( NDVI-NDVIy;n
Py = (NDVImaX—NDVImin) [4]
The value of each scientific finding depends on its
accuracy. Thus equations 5 to 8 were used to compare
the obtained results from the algorithms used to
calculate the land surface temperature with the
recorded temperature in meteorological station.

MAD — Z{‘:llﬁt_Ftl [5]
MSE = 2t [6]
RMSE = [Ha(bifo™2 [7]
ey
MAPE = —2 % 100 [8]
n

Results and Discussion The results of the present
study show that among the 18 algorithms for the land
surface temperature estimation for MODIS sensor
images, the Sobrino algorithm with RMSE value of
1.79 has the highest accuracy, Cole Casillas and Prata
algorithm with RMSE value of 2.85 is in the second
position, and also the Salisbury and Sobrino
algorithms with RMSE values of 2.39 have the third
place for LST calculation among the other algorithms.
The Qin algorithm with a RMSE value of 5.28 has the
lowest accuracy for LST estimation.

Conclusion A review of the data obtained from
comparing split-window algorithms shows the overall
compliance of the calculated temperatures with the
topographic conditions of the region, so that almost
the lowest temperature values in all algorithms are
related to the parts having more height (mountainous)
and green cover of the region and also, temperature
values have risen in low-lying areas lacking dense
vegetation.

Keywords Land surface temperature (LST), Split

window algorithms (SW), MODIS sensor, East
Azarbaijan province
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