L

e _ s
M:')u?’:

WY 2 (o =y ﬁ,}'g Jv 5:” Gl Q17 oW AU 51331 5

Sl 858 A8 g 55, 5 Ol S ¢ a1 slez el Olgr psle (sl UL tale 3 0l wled

/https://sanad.iau.ir/journal/girs :cole o uﬂ):T

29971 C}%
PR ORI

A

Sl 5 &g, Sl s b 5l e o 2l S b gads g S
&bl&a :Nlhn.bjy aakais) U'&“’J ‘;9\33)‘ ‘_;Lbd.u 9 wbb Sokorw JgJLAS

(Ol Oliw! SLL

iww Lb,:l& f:‘}?d)u\&.ﬁ uﬁlﬁ A"eé‘j)bﬁu (5"\'6““ egie\bb'i oo

L eS8 5 5as dsb s oL S 6351 8 le o e
Ol 55 plad sl m]aj Loadlie ol s 3l e c}a.w @
53 e gl Sl lime Sla i & ey erbline s 2SI (655
Ol ganles b oaslsl 5 5 ol (giledde andllas 540 adlats
Sk gald W5 ke ) Sss Ik s mhe sles
Sl Sley G Sl sy opl o3 el el slgiy el oo S
2 G o Jelse J s Saal o3 5 sl e
L;Ajé) J.Ln BE L}"K‘ 6[.&(}?1;5 L 9 okl eslaral Lo u.fl..v_)l.»
Sl el S 5, Jsb s ale sl Aoy il el
sl gl s lacadly SaSa olgdy oy amls
QY s )\ L;l}- @L:.:} ooy \)>l 4 u.a.,a.zln JALG .]a.w};

.w\asﬁ@uﬁ@}#ﬁ)\chﬂwé@a;))sém)s

:mc,b
s S S el S s e LS
Ol sliode (6500 Jolie 5o 15 0F ples [iiSTy a8 s
Gladody 534S s gl Cools SO Sy cpl e s
cla_,ﬂ&uj_fg,_:é}s«_;ﬁ;;uﬁ podre el sline il
L s 4 S503 eslinal 3550 oo 1 b s e Slalllas s Ll 55 o
90

\EXAVARVA AN o B r A E AR VAVVA A gEg- SR VENN/00/YE 1l s

oA

3P Ol b oS g mhe 5l (S S gl S b
Ghla 35l s LUl OF los ot jshmay p3Y ol S
sy s Jlme el Ll 5 Vo LS B b L s
ol bl 5 delse 5L ool gL S s b L gl
shila ch.w 03 el ooy Gt g oo O guzme (S 5 sS
wbS b b S LU 5 b S 655 ol

Olyea Aoy Lol 631

b obeo Lo de Mal5ig i Lo e el s (sdge «(00) 5151 dases
oy (5l patids wlige 0 dSEINS (g mal S b il LWl IS (g meiils )
e R I P
(G palds pwkige oAl il ptae 5 (s %l S 65 S Ll LY
Ol O msb ol el gt tris o851
Ol Gt ey 5 ol (6 1 ppaiids pwwdige 5 (35535 05,5 Hlskud ¥
oLy« anb b 5 (55)5LES eaSals WS e Sy e A3 b3S S
Olpl 0l wlisdons 5 ke Al ol 15T

DOI: 10.30495/girs.2022.697077

azad.mohammad74@yahoo.com :2li\Ke J st S5 S sy



) J.‘.’&,:Jf}ij.;wl;wu»jlf /‘i-/ ‘

A0-NA(VET) 5L ol Vo s

ST Olejen 1 B ) siee elss el G Jols ol
s Sl slmesls SaSa Ol s & 034 alos Ao ys
Sl o s G b ) eyl 055 A 355 o0 2550
s a8 b b s sl o e slacoal

N

Zd«:q;@\i
J_Al&wa.&rﬁ&i\:j\ 6ﬂ§aﬁl{.¢m‘ oJ.J;J:S.LJSl;-w.;-
Jﬁjl—"' LSLAJ'—‘:’}:’ 6}\;— 6.19\..0 ‘6\3}'}&&14}@”@‘}0)0—
el sl plalls ey Codly Ol peany S il
Cd b s plad e 5l St il gla by el (Ghues,
el 4 gy Sy g Wi S s (b SeSa b S
sl 5 el glaesls i 53 a s slacaadls
o ek el w.':)')ﬂél_aul; SaSan 5 0l S
a4y s )\ uS\_;- Lfb'_"“j @l_u RGN NS W oﬂju LSJM
2o gl S o b b sl S C\f\ Choedy 33 Gy
S VNIV PN WUV S y-N WV ST SR e vy P F Y ES SV
G i @l e gl S s bl el gla sl
Ly oo B8 als Ol ljchw$u;¢g}6445;))>)w|
))jwiﬁ‘obﬁ@&jcb»dduéw@‘@w@)y)é
23 olgin ) pemend DLl S LS Cj.]a«,ﬂl.w 34
il sy e ple gl gL S b oKl 5530

sl

15 S oS
5 sy sles O 55T b lie l s eddslgd i)
S5 S Ul e A s el U s pledl Ao
sl S b e ) il e el oS 50
a5 il Sllan 53 A0l e atls ol 53l
Sls S s 6,88 5,8 18 eslinalsy e ol
s saals ST s s o Omen ol S 2B R Rl
oar s d o 5 w0l 0351 o2l il s 3 15 ke
Al e sl a and OLSGl sldolely

o ) Ol 53 Ll e e ol 35 5 Cms J= Il

Gla S luaib 5 el w3l Sho s VS Ol o
SIS a Do 530S Ol eslinal sy pe bl e
Jsb 03 e e glos D cmbans o) ol S (5551
Olgeany iyt 35 Al O ol S b b Sl slailes 3,
Cmezen 555 Ay 53 eeblin s S (51 LS e 0 5 55
b GRSl IS s b s flae s i &S el
L3l gl S b b amloes 50ul3l S 05 el mlaw (53
Tl ek (551 Olie 5 b Dl e Olajen (3ledie

HE RV
SleS e js L3l Gllae ol S b b gatl Wy
e ol e 53 0 Dl (65,31 0lie 5l s S50
0351 oz 6 ol a3 ekt om0 S (g palie G
T 2l S b sl Wl S patla A5 550l
) s Olsieany LS 5551 ol Sy goar | (e 3l ik
St e 2l S B Sl skl edd Sl G
e S ey e e ol Ll OF Sl oS 03 el
Srme 55 85 Aoy oo a5 w5l asiie b S o b s ples
2l ol e b e olie 4 plaws OBGl patls e

B3l S pine g Slamdly 4 w s Dy

G )
5 Bl Sl 53 S oty o1yl el o ool o
Sy 53 iz sla pidig el Sl 5 b
SaSas ol ol Lud gdvesy gl S cud b sl ol
SLalil Olejod ks Gojb 5l S L kS e s b
Lt U sl 05 plonil (Sl pale ygla 5 aliBimns
SLaosl 3 aliss s S by £ a5 Lalls Gblis
S T S P S B O P C R P | [ PP
oslizal 15 5 18T (658 55 55 epsle s 2 5 55, sl
Siig il Sl e, Jle SaSw e ssba ol el
A3 Jpame La0] o b S eddslsl S, sk s basl
i e Al ol sais a5 5, I s bl sl
ol el SO el e 4 Ll sles SV 5wl Ao s

Sy e s gl S b b ysl s golgnin Je sl

a1



G C'V/’df"/',’-:—wh;wm,;;‘}‘f g ma

A0-WA (V¢
(V407 5l
Sl T eled o als

‘u'“;'JLﬁ ok ‘C[a
(Sle2 ¢ L S b b
s ol : é
)S -~ Jl; 'LS"\:‘\S leslj

Sl 8, dde

SR
— )(}—LU sl ge

SIS gﬁ L omiels laale 4 (o s 235

L ) d .3

= J‘J" LSLNJJA&W* sl bjs

Al e gl S ST

: ol ;

.L;,*"‘

sl wls 5 &
5wy Sl
Sl G ik
WA N6 ad o c"“ o
b i o b8 b sk s
s k,dlgﬁlfo: Sl d‘u}”:,\ N "\‘-J)‘ t LS‘L.‘" ‘~C Aé\}st.s)w\i.a
i 425 (Sl Dl by 3blis 24 wp sl e ol S sbaal s
o iaadlaes q . e ool v
ose ailaie) (e ol -
o3 ) glad
5 edle ek

A0

v



\F X ﬁ._n.l.; (r}m AJLQ..I:/".AAJJL:‘ Jb)ﬂcu BL) L;.‘.L:"j’" C)LF)‘\L‘ AJU\M}J}A )‘L;La...a

ST g e pommen 5 2] o8 e (sle
i D
o sar 4 ar g b Laly opl 5 Loy o Ol
SrSeri 5 boss o o sy Gob Sl 0 ol (S350
AUl gl s sslal ganadb 4 b s
SaSa (10) OLKan 5 5 games ol 0l atls 5 (5 5L
Cardy ol wils e AlS iy axls slaesls
5 ool s Sl sl gl 4iE (alS RS
(Sl S sladdos b 5l el o) Slaalis
sor bl anle 5 bt U S, e
SSist Ol 5 AL g ek Ly ol
Llazls
b GH Ol w0 gl S CB b s e
Sarp K Ol ey S sles ok sl 5o
@ e ssba (S ol (V) 5530 SIBI 518 e
Loy o 5 2l S Galitala gl bkl
5 il sl ln OF a2 W5 5 3y las e
AL Sie s ees Obe 551 Dols e (sandllas
e o] Wb W ol S s b L slasy ((VA)
23 8 ekd s o) Sl S5 e 2SS0
o2 sl b 2l S ol Jlo s Jpad b i Ik
Geals ol 2l S b L e (e 53 sl
S e 5o Db ALl ple Ol
Wi M5 opll () Lsde G asS el Ll
Skl o 3l bl edle w4l S b
2 el Olpsa dlie (lios 5 el
M5 G ol 53 5,8 S5 eslinal 55 Lo dil sloag
3505 by Bl gls sl QLS C b giik
Lo g odddsl slas syls I3 S8 s s
1T 5 (Terra) 1 5 555w 53 ;5 (MODIS) osle (godimiws
Ol VL Sl S8 0y 5l ol Jdse (Aqua)

"'U)}T‘-;“V-A‘jé‘)j})}%"‘j’)ab;”’)‘fﬂ}w‘l}\

4sdde .\

& (Land Surface Temperature) .} cla.w sles
Oed opshe bk Glas S s e s LoeS
GHSET ((0) St Cushy s (0) 3500 e
(YA) Ll e L;LA;;U Shaag (V) sl el
5 JeKas lajatle s (YF) s gls 5,50 5
3 S G s S Ol s (V) S LS
S Gliges plae ol S b giis ag s () LS
o)) Ck—»/ Gl 4 e Al &S ey plas 8
s s 85 Sl s oS e S b s
SiA Cdy e L e Gl e ples ST
bl Dgme LS padse pl das s DS L LS
CanS ol s 0,8 13 ey e slaeddy o e
5 2iS a8l Oladlas (pe Cla.ﬂ Shuail s Ll e
Cosb, Ll Jasee glacisS e (58 Oolre sluag
Sy Sl Al Glbs 5 AlS g oS5 sk
23,8 515 eslal

o slos aik SaSe (V) 0hlas 5 Sl ok
e sben Sl sle e 51 selise,
oSy Gl 5 Llesls sleiy S ook,
HaSzz Ol o b bl ot 5l slaas s
03 5o Jouily olad 5l (xS0 0 b s e sl (s4i
B g T S U A
S Cusby e Gl dap b S ik bt
oo iglaad Gudli L OF) Oes 5 [3US Llesls &l
Slos 4lE @ Oty slien (a1 Acdd 5 osle
ol on lesls IVL by 5 S SS& a8k clw
Sl Sl aeS eil s b sles 3yl sl Sl
b O S5 BSESS ) et sk Gloy SIS
NGO RS Vo Y\ 300 TV R LS CL Sbes Jgmen
A by s SV e 50 O 5 s
ot B gy S iy et el Sl ASle
oo ) o (les 428 wld Jly Lols Slasesle

aA



LgﬂL;w]aJ\cladequc,.:ﬁijgw_@j

Sype adbie 3 1y ebdige; gats calie gl s
S b S b pbedy Olgsa S a0

SYsb e sl 1y bos baim Sl oS eddantls b S
Gble Jodie o canle 5w LSS Sl a5
g5 ol v S el Gl bV e e S
5 3L Jdsar anle 5 8 ke e el B el 51 Ay
oSS (S Ghle 4 Sosp ok, ks sduals
23 S S sl S Culda 3l Jsbse Coale Jsas Lol anils
b Culls 2alS s, (S ble boawslis
orl s essl eal b (s ntn Ol gl ) o glos Lad 015
53> Sb glanas pl ol ez 3 Bodd Lol ¢ 55 50
S g 5,8 8 gbS s b e 5l s e,
bl SWl S s sl il L L
able js S EIRART Al WS oL S
dsb s s ples Slss Sun Jelse Sl S Sl
Jas QLS L) O pas apd e e Spoals
Sl sl 80 s bl el s T slse 358
2l S b e 5l Sl Sl Gl e oKl
5 S Gl s b s GaseS sl g5y
S K sl gl il b Ol Obil Sistang
2l S s b s Gl s ST sl 505 S
—as LSt Ol Ll a5l e wal b 0T (6l e e
Sl e s paes 5 min ol e B
it ol 3 e gliuen) 3 andls S ol S
£55 LS Sl s el oS Llad S aall 5 less S 13
Sl g &S ey Sy Lodedl o VL
Jole a2 516,80, LB et (SO0 e slacaadly
28 A e e ol L b s sladisal o
g5 orl o3 e ddSBly on Sl sladise e Dol &
Aledd Obsnl cal s wlis bl i cds L S
3 o kil gl JSae (BL il b oge s sbs

oo gale 5oy LS iig BB T sl S

aq

sl W Sl K& Oy Jely 51 08U
el 0l eslinal il glas S s sle (Gedkoen
30 Sl sl S8 phae ghednS oS e
53 e g3l 5 (Supee b B e lagtl (Y1) 2
b il 5 08) Jis Ll Sl
Slds Ls)y i ((10) 0SS gl S
(V) S350 sz 8 55 ol sl oy 5 S Zusb,
FAS Ly b Gl e RL s S
Shgliged Cewsopl BE ol 5 (V) s lasislss
Sl B S50 Ll S el slals glas S
Aoes (65953 raew slaesls
bphe o 2l S b b all a5 e ol Gus
Ll punle (o 5 55, psbal Jedly Sl eslid
s sl Ol Slslas LU s g g Gl ol Lol 5 8
5oy gbS ok S b mae il s )
SV oels G opl s dlsly gleasr n e
Gl e iy s aslal Sl g ¢S
Lgse 303 S Bl =Y olya 5 ol Ll i b das o ol il
2l S @A Ol B s 5s) Jsb s wle g w
S b gald Ag a4 by e el LT el
«(Calibration) ey dulp & SaSay Glhe b S

ol g, g adlan 5,90 ailate .Y
Ol Olial GLOLly Guims ol 55 anlllans s 5o (gailata
sy M S i 53 6 g8 el sl Ol
o e S adlee ol GuS Coale date Gdee GbLs
5odd b 5 (Susm 3l AU s b SAS Ok
Sl s SIS el ol Slaald 4y o
Sig VO USKS il e ol adlas s adbs ol
bl ey SAi ol o 4 1) anlllaes s so (gadlaie LS| A
S s syl by 4l b ollas s o 0L O

S 64?:[1)‘} a\fo.h o Sl ol ey 3



VErY el (r}m a;‘.uﬁ/rha}ﬂ.; JL“)NCL‘J’ bl g Sl Lble 5 595 3 Foww

ol 51 Lol Slren Gble 53 Lsd ei s of mlaw
AV s e peans o3 Ulasst el Sl b S
2 (Y)Wl Sl 3 S by ol S b b oSl
S Wt 3,00 gl (S5 b nlite (o (w03 ol
Bl polant] gl ol 4 G0l b b Vol |
SRRUNCC PR WO PRE O
s $lety Sy DU mmes 5 SOl b

sl 0

5 S LS 0o VU e s il Ll sl
Ll s ol S slan sl gy e Sl s
Olgeas a5 55 ol £ s ol osls jolant! st
slolid BB adlae 53 Sy ndils 508 oL slekiy
Aol e Sl I RS Ol Sl il
Ol W, Ol 33,8 o Lol Sl Ll S culis
s K Olgeas 5 LSl 5s JTslse 055 VU Wsa
By oo LS gl S b b 035 VL s e

Q\j':.a QJﬁYL..)ﬁ)jw) Cladls &iibl{):il.aw)dg

S2F 53 E 54°E SSTE 36 E 20 30° E 40° E 50° E 60° E 70° E 50° E 90°
=
Ol Dol |z
z
51 [ E
\ =
S Ghla % 2
P PIPRINCI % 2 .=
z g
2 B Al s Sl
R oln! E]
o | ] Ges g5 S5
2| B s o g
- 0 420 840 1680 2520
Km
Sl .
45
z voedhas e
T B s S Y P
= .,
[ PRt ol n! ! z
Szl
z
o7 B Ges Gbla
2 z
7 Olem St
“ =
Lz
=
z
27 9% 45 0 90 180 270 360 =
P KM 12
0 190 380 570 760 =
Km
T T T T r - . - -
52°E 53°E 54°E 55°E 56°E 45°E 50° E S5°E 60° E 65°E

Figl. The study area and a general view of the geological map related to it
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Fig9. The chart of changes of two indices of overall accuracy and Kappa coefficient
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Abstract

Heat capacity is a physical quantity of the surface
that is directly related to the amount of heat energy
required to change the surface temperature. Land
surfaces with a high of thermal capacity are a sign
of moderate climatic conditions and the presence
of the low ones is known as a reason for the
occurrence of desert climate conditions. When
uniform heat energy absorption is occurred by
different surfaces, their temperature changes can
be inversely related to the heat capacity. However,
due to obstacles and shadows, the sunlight as the
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most important factor in the reception of heat
energy during the day does not receive uniformly
to the surface of the earth. In this article, by
adjusting the shadows effect the differences in
sunlight energy received by different parts of land
surfaces are modeled. Then, by calculating the day
and night land surface temperatures a method has
been proposed for estimation of relative heat
capacity. In this method, the time series of MODIS
images are used to reduce the destructive effects of
atmospheric conditions in the estimation of land
surface temperature. The percentage of shadow’s
presence in each position is also estimated through
the spatial analyses on digital elevation models.
The proposed method has been calibrated through
the ground truths identified with expert knowledge
about the soil properties. The results demonstrate
that the efficiency of the calibrated method reaches
the overall accuracy of 92% in a relative
assortment of land surfaces in terms of their heat
capacities.

Statement of the Problem: The amount of
changes in temperature in the reaction of the
absorbed energy is directly related to the heat
capacity (HC) properties of the earth's surfaces.
This is known as an inherent characteristic that
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differs among phenomena. Availability of the
surface heat capacity map would be beneficial in
climate studies and applications or can be used as a
descriptive layer of the earth's surface in the
classification of geological properties. By suppose
the uniform emittance of the sunlight heat energy
to the earth's surface, the changes in the
temperature of different parts of the earth's surface
during the day will be directly related to their heat
capacities. Sunlight can be considered as the most
important source of  diurnal radiated
electromagnetic energy, but it does not provide a
uniform radiation on the earth’s surface due to the
presence of obstacles and shadows. Therefore, the
estimation of the earth’s surface heat capacity
would simultaneously require the estimation of the
changes in surface temperature as well as modeling
of the amount of energy reached and absorbed by
the earth’s surface.

Purpose: Estimation of the absolute values of heat
capacity requires to availability of various physical
quantities such as the amount of thermal energy
absorbed by the earth’s surface. Determination of
the absolute physical values of the energy absorbed
by the earth’s surface would be challenging and
complex work, and therefore, producing an index
that could be used as a relative descriptor to
compare the difference in the heat capacity of
different surfaces of the earth has been chosen as
the aim of this research. The meaning of relative
heat capacity is an index whose value can
determine the relative order of each phenomenon
in terms of differentiation in its heat capacity in
relation to other phenomena. It seems that the
development of such an index facilitates the
possibility of obtaining the absolute values of heat
capacity when reliable ground truths would be
available.

Methodology: In this research, by investigating
the soil types' cover of Semnan province through
the available geological maps and by supposing
their purity, different soil types were reordered
according to their heat capacities. This was done
with the help of expert knowledge related to soils
and via the simultaneous interpretation of
geological maps and satellite images. Then, by
identifying the pure soil type areas as the ground
truths, their diurnal differences in land surface
temperature (LST) have been estimated within
several monthly periods. To do so, the time series
of day and night of the acquired images by the
MODIS sensor installed on the Terra and Aqua
satellite platforms have been used. In parallel,
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using the spatial analyses on the Digital Elevation
Models (DEM) and knowing the sun positions, the
maps of the shadow casts have been reconstructed
for several epochs of day. By aggregating the
shadow maps the shadow percentage map would
be generated that represents the percentage of lying
in shadow for each 3D position of the digital
elevation models. Surface albedo, shadow
percentage map, and diurnal differences in surface
temperature along with an adjusting parameter are
all the components of the proposed method for
estimating the relative heat capacity. The adjusting
parameter is designed to simultaneously adjust the
effects of albedo and shadow percentage, whose
value is estimated with the help of ground truth
data. Its optimized value is determined when the
maximum accuracy is achieved in sorting the
ground truths through the relative heat capacity
index.

Results and discussion: According to the
available soil type maps, the province of Semnan
consists of nine different soil types. By
simultaneously taking advantage of expert
knowledge as well as interpretation of satellite
images; areas containing pure covers of these types
of soils have been identified as ground truths. The
relative assortment of different soil covers in terms
of their heat capacities has been done with the help
of expert knowledge of soil scientists. The ground
truths are separated into two subsets of training and
evaluation, and with the help of the training ones,
the adjusting parameter of the proposed method
has been calibrated. The calibration results indicate
an approximate 92% accuracy in the sorting of soil
types from the heat capacity point of view, and
90% accuracy has also been obtained in the
evaluation subset data. The production of statistical
indices of relative heat capacity for different soil
type covers extracted from the geological map has
also demonstrated the expected relative trend in the
assortment of the average values of surface heat
capacities. It seems that if the estimated surface
temperatures would be correct for other land
covers and also the influence of albedo that is
calibrated for pure soil covers can be generalized
to the other surfaces, the proposed method in
estimating the relative order of heat capacities
could be used as a generalized index for other land
covers such as vegetation areas and artificial
manmade structures.

Conclusion: In this paper, by estimating the
diurnal differences in the surface temperature as
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well as reconstruction of the percentage of
interruption in the daily solar radiation caused by
shadows a method has been proposed that can
estimate a quantity to sort the relative position of
different land covers in terms of their heat
capacities. This index could be beneficial in
climate studies and geological interpretations. In
this method, by use of completely diverse land
covers in terms of their heat capacity as the ground
truths (e.g. the water bodies as the highest heat
capacity surfaces and the rocky surfaces as the
lowest ones) enough dynamic range has been
provided in the calibration process. It seems that

the calibrated model can also be generalized to
other land covers as well. However, the accuracy
and precision of this claim would be investigated
in future research that is on the author's agenda. On
the other hand, availability of the calibration sites
with known values of the surface's absolute heat
capacities can be used to develop transform models
that convert the estimated relative heat capacities
to the absolute ones.

Keywords: Heat Capacity, Land Surface
Temperature, MODIS Sensor, Digital Elevation
Model.

RS and GIS for Natural Resources, 15(3): 95-118

Please cite this article as: Azad M, Mokhtarzade M, Safdarinezhad A, Siami A. Relative Surface Heat Capacity Mapping using
the Day and Night Time Series of MODIS Images and Digital Elevation Models (Case study: Semnan Deserts, Iran). Journal of

118




	5-f_Extend
	5-GIRS
	5-e_Extend

