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Abstract- Split window technique has been applied in thistsdy to

extract Land Surface Temperature (Ts) as a step lgiing to the

retrieval of surface soil moisture and evapotranspation over

four study areas in Perak Tengah& Manjong, where tle areas
were selected according to the difference in surfaccover type.
Multiple NOAA/AVHRR images throughout June-August (2009)
were acquired over the study area and processed; m@sured
ground air temperature data (Ta) for the targeted aeas were
collected as well. Normalized Difference Vegetatiolmdex (NDVI)

and land surface Emissivity ¢) were calculated from image visible
bands 1&2. The brightness temperature from bands 4& was
then used withe to derive Ts using three different split window
algorithms. The results showed a good correlation diween
satellite estimated Ts and measured Ta especiallyhen Uliveri

algorithm was applied over the agricultural area wth R? reaching

87%. The application of the three formulas producedesults that
are in agreement with one another with accuracy rages between
90 — 99% This ensures the usefulness of usingliveri, and

Becker over the study area. A reasonable negative relatiship

also was found between NDVI and Ts over the uniformegetation
covers, indicating the applicability/suitability of the so called
“Triangle method”.

Index Terms— Land surface temperature, NOAA images,
split-window techniques, remote sensing, surface eer types.

L

greenhouse effect because it is one of the keynpgeas in the
physics of land-surface processes on a regionalvels as

I.  OVERVIEW AND BACKGROUND INFORMATION
and Surface Temperature (Ts) is a good indicatahef

important factors that determine Ts in the urbavirenments

[4]. The Ts of urban surfaces corresponds closely to the
distribution of land use and land cover (LULC) cteristics

[5; 6;7; 8] Satellite-measured surface temperatoag also be
used to improve models and methods for evaluatargi-l
surface energy balance. For making decisions incalture

and irrigation processes, the canopy temperatuse ais® be
used to evaluate water requirements of crops, termkne
lands, and forests evapotranspiration.

There have been considerable advances in the éstintd
land surface environmental conditions from satellit
observations, particularly from thermal infrared mote
sensing data [9]Traditionally, ground-based meteorological
observations have been used in biospheric and logico
modeling. Satellites provide higher spatial resolutiata over
the entire earth, and are especially important aselated
locations where meteorological observations aresspa In
addition, most measuring techniques are time comgym
instruments must be calibrated for different typésoils, life
of devices is limited and some of them are expensihis
makes the use of satellite techniques very valuabid
applicable. The study attempts to estimate the asarf
temperature using three well known split-windowhta@ques,
on the light of the impact of four variable surfazmver types
within an area represented in the retrieval of |lanuface

energy balance at the Earth's surface and the Igica o mperatures (Ts) from satellite images using themidlized

Difference Vegetation Index (NDVIand surface emissivity
(¢) for Perak Tengah anllanjong regions (Malaysia), which

global scale It combines the results of surface-atmosphergontains four ground stationSitiawan, Pusat Pertanian Titi
interactions and energy fluxégtween the atmosphere and theésantong, Pusat Pertanian Lekir and Mardi Parit.e@hsplit

ground [1]. Therefore, it is required for a wideriety of

climate, hydrologic, ecological and biogeochemistudies

[2]. Ts is an important parameter in the studiesudfan

thermal environment and dynamic$¥s modulates the air
temperature of the lower layer of urban atmosphene, is a
primary factor in determining surface radiation amdergy
exchange, the internal climate of buildings, andman

comfort in the cities [3]. The physical propertiet various

types of urban surfaces, their color, the sky viaetor, street
geometry, traffic loads, and anthropogenic actgitare
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window algorithms have been applied to find an ropti
algorithm for estimatingurface temperatures.

Folit window technique

Split window technique was first developed for the
estimation of sea surface temperature from AVHRR ¢i&0;
11; 12; 13; 14]. [15] is one of the pioneers in lgjpw split
window technique for Ts retrieval. Several splitndow
techniques have been generated in terms of various
considerations to the effect of the atmospherethadmitting



International Journal of Civil & Environmental Engiering IJCEE-IJENS Vol: 11 No: 05 24

surface [16; 17; 18]. They are derived from theatiqu of . SPOT Image
thermal radiation and its transfer through the ahere [19]. 'Fmagef 't"’”: T‘OAlAlsa‘e”"e Finer resolutiorfor georeferen
ormat: text, level

Many modifications to algorithm of [15] have beembjpished i_ Sensor: NOAA 1781
since mid-1980. [20] added the satellite zenitheobstiond |

|

|

I

— —>| Subset area delineation |==!

and surface emissivityj of channel j into the radiation transfer | image Calibration i_
H — - Bands 1&2: percent reflection = —_—
equatlon [19] | Bands 3&4: brightness | V_ V
The study area | | | NDVI and  extraction | | TB4&TB5
. . & - . I (Visible bands 1&2 (Thermal bands 4&5
Perak Tengah & Manjung are part of Perak statelwlsg | Buiding Geometyfiles |
between latitude 90" — 4#30° N and longitude 1080° — | |CAculatethevaleofe: | ¥
onn® P ; 2
101°00° E as shown in flggrel, with an area of 2,400°Km| o N | Retrieval of Ts using formulas:
NOAA/AVHRR satellite images over the study area™ eoreterenced image 1| . Becker and Li (1990)
(throughout June-August 2009) were acquired andl ugth With identified Lat/Lonk - Sobrino etal, (199 * Ulvierietal, (1994
the support of a recent SPOT image used for gemaefing. Figure 2: Flow chart of Ts retrieval

The four stations were selected in terms of théetsain the NDVI

environment and vegetation cover; where Sitiawaraar The NDVI de with bined red
represents urban area while Titi Gantong represents € _measurement_s were made with a combined re
and near-infrared radiometer, developed at the

agricultural area etc. ) i
NASA/Goddard Space Flight Center, which measures th

reflected radiation in the bands (0.58-0.68 pm) @nhd3-1.1
Perak State f um).
(Malaysic) _
NDVI = NIR- RED 0
NIR + RED

Where, NIR and RED are the near-infrared and red
reflectances, respectively.

Surface emissivity ()

Emissivity was estimated via an empirical algorithased
on the relationship between emissivity and the ritiga of
NDVI [21] in the range [0.955, 0.985]. The emissiviof
channel 4 44), the emissivity of channel %5) and the
emissivity difference of channels 4 and/&), are defined as

Figure 1: Perak Tengah & Manjung area, the studgsare shown in the follows:
inset. &, =0.9897+ 0.029Ln(NDVI) )]
Ag =0.01019+ 0.01344Ln(NDVI) 3
. METHOD B A 4
In order to process the acquired AVHRR images fofase & =6, 70 “)
temperature extraction, subset area has been aigdhe c= (&, + &) ©)
surrounding each weather station and any spatiapatation 2

performed within each subset area was assumedptesent
the average value of the sub area pixels. The vigilp

lit-window algorithm for deriving T
flowchart (fig. 2) describes the steps for retmgyisurface Split-window algorithm for deriving

temperature from NOAA/AVHRR. The general form of the split-window equation cam b
written as:
Ts=T,+A(T,-T,)+B (§)]
Where,

Ts represents the land surface temperature, T4 Enhd
represent the brightness temperature for channetsxdt 5
respectively, A and B are the coefficients deteedity the
impact of atmospheric conditions and other reldéadors on
the thermal spectral radiance, and its transmissiarhannels
4 and 5.

The parameters AO, P and M were givenBegker [2]. A
simplified algorithm with the two coefficients A dnB is
proposed as follows:
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A=(M -P)/2
B=A, +T,(P-1)

™

®

Where the parameters A0, P and M have been catculat
[2] as:

A =1274
P =1+015616L"5)  0.4822¢ ©)
£ £
M = 626+ 39897) 4 353308 @0)
£ £
According toSobrino formula [22]:
T=T,+106(T, -T,)+ 046(T, - T,)* +
53(1-¢,) —53A¢ ay
While according tdJliveri formula [23]:
T=T,+18(T,-T,) +481-¢) - 7%A¢ a2

I1l. RESULTS

. F
The estimated surface temperature (Ts) values wer

correlated against measured ground air temperafilieg
collected from the meteorological stations in thedg area
during the period of image acquisition. The appligulit
window algorithms were carried out by NDVI and eshigy
over the four selected areas with different surfaatires. The
average values of NDVI and Emissivity over the areae
tabulated in table 1. Large RMSE values for ND¥/L7 and

25
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igure 3: Regression plot of Ts-Ta using the tislg-window techniques

as the agricultural area Titi Gantong, which wises
similarity in Ts-Ta readings which is attributeditomogenous
emission from vegetation cover, this supports bemtem that
the canopy temperature will likely be near the loca
temperature Ta because of its low thermal mass Rtfihwan
area with high emission contributed by traffic, ssn from
built up surfaces, roads and machines resultedunface

0.18 are noted over Mardi and Titi Gantong station&mperature values that are similar to measuret@iperature
respectively, which is due to the variety of suefagpes shared although the calculated surface temperature isityfidnigher.

by residential areas, forests and some farms péatlg in
Mardi area.

TABLE 1: THE AVERAGE VALUES OF NDVI ANDE OVER THE

STUDY AREAS
NDVI €
STATION
Avg. RMSE  Avg. RMSE
SITIAWAN 0.14 0.10 0.94 0.01
TITI GANTONG 0.23 0.18 0.95 0.02
MARDI 0.26 0.17 0.95 0.02
LEKIR 0.30 0.15 0.96 0.01
Surface Temperature

The derivation of surface temperature (Ts) waseaed by
using the formulas bBecker, Sobrino andUliveri in the four
study areas, and then was correlated against fhesvaf air
temperature (Ta) measured at ground stationsaliséd in the
respective study area. It could be distinguishedt tthe
satellite based surface air temperature relatipngtiows
reasonable results (figure 3) in terms of evalggatime split-
window techniques in a regression plot with the imbair
temperature, especially over areas with a unifassrecas well
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On the other hand, the variable types of surfaceercover
Mardi produced different magnitudes of emissivitjatt
resulted in a slight Ts-Ta bias; while the estiomatdf surface
temperature over Lekir area is highly affectedtsy density of
forests which resulted in unpredictable emissionmea.

Some analysis suggest that the split-window tealeifipr
driving surface temperature tends to overestimattiah
surface temperature by’@ [25], while the mixed surface
cover and the dense forests areas Mardi and Lefjrectively,
witness some neutrality due to the heterogeneithefsurface
cover.

IV. DISCUSSION

The average estimated surface temperature, stameord
of measurement, and coefficient of determinatiGrfd® each
technique are tabulated alongside the measuredndrair
temperature in table 2. The results tabulatedbiteta show a
good correlation between measured air temperatur@ a
estimated surface temperature, especially whenyigpthe
split-window algorithms byUliveri, and Becker. The results
represent high adaptabilities with emitted radiatirom
surfaces particularly over Sitiawan, where high fese
temperature values have been recorded. In an antenlike
Sitiawan, emissions from build-up surfaces and nmeshas
known produce Ts similar to Ta Vegetation densgyan
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important factor that influences heat balance tlearground.
This is reflected in the Ts bias over areas withiakde
vegetation cover types as in Mardi and Lekir. While
agricultural land Titi Gantong with a uniform covsees Ts
relatively close to Ta with correlation coefficien® of: 59,
81 and 82% foobrino, Becker andUliveri respectively. The
RMS (ERROR) in Titi Gantong and Mardi is slightlynall
due to uniformity of the surface cover. In additidtnwas also
influenced by the vegetation temperature whichdsesto the
ambient air temperature. , On the other hand, mbs@athce

26

cover, the forests impervious and the residentiline over
Lekir and Sitiawan respectively explain the bias time
observed temperature data, this could be justd®due to the
mixed surface cover that causes a variety in ND¥lues
particularly for water bodies, and the impervioueas;
because of that the brightness temperature is yhigif¢cted
once the emissivity value is NDVI dependent.

Additionally, the density of the trees (canopy) othe
forest areas attenuates the reflected radiatiosimgshadows
which obstruct the emission from the ground surface

TABLE 2: AVERAGE VALUES OF ESTIMATED SURFACE TEMPERTURE (TS) AND AIR TEMPERATURE (TA) FOR EACH WEATHE STATION

Station Measured Estimated surface temperature, T€)(
ground air
temperature, Becker & Li (1990) Sobrino et al. (1993) Uliveriat (1994)
Ta, (C)
Avg. Ta RMSE Avg. Ts RMSE R Avg. Ts RMSE R Avg. Ts RMSE R
Sitiawan 28.16 0.53 36.15 5.66 0.83 36.87 5.76 0.64 30.80 5.88 0.87
Titi Gantong 28.38 0.66 31.89 3.68 0.81 31.33 2.68 0.59 27.14 3.79 0.82
Mardi 28.70 0.64 32.01 3.22 0.79 30.91 2.76 0.67 327 341 0.85
Lekir 28.15 0.58 29.01 6.80 0.68 30.93 2.60 0.18 .128 2.47 0.63

An implementation of Ts-Ts was done (fig. 4) amdhg
applied split-window algorithms in order to checkeir
accuracy to estimate T¢Jliveri, and Becker analyzed the
spectral data and found high compatibility and harmin
accordance of processing the reflected values.r&igushows
the workability ofUliveri andBecker in the estimation of the
surface temperature over the study areas with9m, 97.6,
96.7 and 90.6 for Sitiawan, Titi Gantong, Mardi anekir,
respectively.

R¥=1.8996 , kecker Vs schring

R®=13.9542
Mardi Rtz 09871
R2=13.8175

. kecker vz schring
w kecker vs uliveri

sckrinc vs uliveri

Lekir

Siriawan R R*z7.9769 m ketker vs uliveri
9945 5 kecker s ulivei - Sebring s ulivari
45 RF= 8 STIAIFD VEidiveri
e = = . Yara
.
” * . - (]
- — = S Hy -
.
-
15 . . 18 ' ,
I 1 B i
Is Ts

RZ=3.837: . bec<er vz schring

3.9065 o keccervs uliveri

RE= 03,2425 , scheinc Vs liveri

\

Ts 2z

Figure 4: Implementation of the applied split-wimdalgorithms over the
study area
NDVI-Tsrelationship
As a step to examine the accuracy of the split-aind
technique over different surface covers, the esachdiDVI is
plotted against the estimated surface temperatfige %).
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A strong negative correlation is found between NRvil Ts
especially over the agricultural area Titi Gantorithis
correlation can be attributed to latent heat fluanapy
resistance to transpiration and soil moisture g26n 27; 28],
resulting a typical Universal Triangle which wadraduced
earlier by [29]. In a Universal triangle, the vegjain
radiometric temperature is always close to air ®emafure, but
the surface radiant temperature over bare soil cary
depending on the soil water content. This implieat tthe
spatial variation in surface radiant temperaturt e small
(except for emission from underlying bare soil) e full
vegetation, but will vary from warm to cold whileirface
moisture availability goes from zero to one foréapil. The
different spectral signatures over forest area if).edlenerate
multiple scattered plots of NDVI as well as theiable values
of NDVI over the residential area Sitiawan.
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Figure 5: NDVI-Ts relationship and the implemerdatof Universal triangle
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I.  CONCLUSIONS

Three split window algorithms have been appliefirnd an
optimal algorithm for estimating surface temperasufrom
thermal bands of AVHRR data in four selected arédso, [1]
correlation coefficients between measured ground ai
temperature (Ta) and land surface temperature €3tanated
by the split window algorithms were compared. tRemmore, [2]
comparisons between the three applied algorithmse we
achieved to examine their accuracy in Ts estimationally, 3]
NDVI-Ts relationship was plotted to study the impaxf
vegetation and moisture status in Ts and Ta assassifihe
results of the achieved work could be summarizefdlasys: (4]

- The applicability of using split window technique t

estimate Ts has been investigated by comparing t
surface temperature estimated by three of the syt
window against actual measured ground temperature.
The accuracy resulted in correlation coefficient98fs,
97.6%, 97.7% and 90.6% indicating to the preferenfce (6]
usingUliveri andBecker algorithms.

- The accuracy of the applied algorithms is influehby (7]
the variation in surface cover as seen in the udoah
impervious area of Sitiawan producing er6fC.

- Although the correlations between the estimatedasar
temperature and measured air temperature for Sitiaw
and Titi Gantong are reasonable, there was sorffé
abnormality in the reflected fraction from the swe for
Mardi and Lekir areas. This is due to the variaty i
vegetation density over Mardi, as well as the shado[10]
effect of the forests and palm trees over Lekiraare
which obstruct the surface emissivity reflectiom |
addition, the coarse resolution of the images (psiee [11]
1.1 km X 1.1 km) does not allow good match between
the estimated and measured values.

The study attempts to estimate the surface temperasing (12]
three well known split-window techniques, on thghti of the
impact of four variable surface cover types witthia area. [13]

Further works can be directed to examine the effétand
surface temperature and its role in assessing ritt@eat air
temperature because Ts modulates the air temperafuhe [14]
lower layer of urban atmosphere, also Ts can beal use
assessing the surface moisture statement withiabla [15]
surface depths over multiple land use-land coveegyas well
as, The study also can continue to use the satelttimated [16]
surface temperature and soil moisture as inputnpetexs to
estimate the evapotranspiration over the study aapd
generate a relationship that could be used in dinyatc [17]
application over the area.
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