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ABSTRACT

In this study, we retrieved the land surface temperature (LST) of Guangzhou on Jan 14, 2013 from HJ-1B satellite
data. The retrieval was based on the characteristics of HJ-1B thermal infrared band and revised QK&B algorithm
was adopted. The established partial differential equation showed that emissivity error of 0.01 resulted in LST error
of around 0.6 K. The LST error was inversely proportional to the atmospheric transmittance and proportional to the
atmospheric transmittance error; The transmittance error of 0.1 resulted in LST error of around 1 K. Meanwhile, the
atmospheric water vapor error and the LST error exhibited a linear relationship; The atmospheric water vapor
error of 0.1 g/cn resulted in LST error of around 0.2 K. The LST retrieval error was proportional to both the near-
surface air temperature error and the average atmospheric error; The near-surface air temperature error of 1 K led
to the LST retrieval error of around 1 K. Overall, at a constant ratio relation between emissivity and atmospheric
transmittance, the LST retrieval error are related to the average atmospheric temperature error as well as the near-
surface air temperature error. The retrieved land surface temperature of Guangzhou was in strong spatial
accordance with the MOD11 L2 LST product. The temperature difference curve exhibited a normal distribution,
concentrating in the range of -0.9K to 0.9K. Six observation areas in Guangzhou were chosen to compare the LST
obtained by the revised QK&B algorithm with the measured average land surface temperature. The difference
between the LST obtained using the algorithm and the measured temperature was around 0.31 K, whereas the
MOD11_| 2 product had a difference of around 0.65 K with the measured surface temperature, both of them are less
than 1 K. By deriving the partial differential equations of the revised QK&B algorithm, a more detailed and precise
analysis was performed on the LST retrieval from HJ-1B/IRS data. This study offers a reference for similar LST
retrieval algorithms based on thermal infrared band of environmental satellites, as well as a scientific basis for
future accuracy improvement of LST retrieval.

Key words: Revised QK&B algorithm; partial differential equati sensitivity analysis; algorithm validation; HJ-
1B

INTRODUCTION

HJ-1B satellite is one of the small satellite cefiations that China launched in 2008 for the pagp®f
environment and disaster monitoring and forecasfiifgs satellite carries a visible light camera amdinfrared
camera. Its infrared sensor (HJ-1B/IRS) only dstewmte thermal infrared band, with a resolution 60 3n, a
wavelength range of 10.5 — 12.5 um and a scannidthwf 720 km. The revisit period of HJ-1B is 96During its
operation, the satellite obtains the spatial distion of the Earth’s land surface temperature,ctviplays an
important role in resource and environment moniigiil]. Different applications of surface temperatutata
generally require different precisions of the dd&ar example, in the study of climate change, l@atge water
surface temperature data should not contain etinatsare greater than 0.3 K, whereas medium- aradl-sicale land
surface temperature data allow error in the rarfge.®» — 1.0 K. Therefore, great attention has beeid to the
factors that influence the accuracy of land surteceperature (LST) retrieval.
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Currently, the most basic way to retrieve LST frtvermal infrared remote sensing images is to gémesiagle-
channel, multi-channel and multi-angle retrievingdels by solving equations of thermal infrared atide transfer
[2-4]. Generally, single-channel algorithms includdiative transfer equation (RTE) algorithm, Qiizn’s single-
channel algorithm (known as QK&B algorithm), anthdnez-Munoz & Sobrino’s (JM&S) single-channel aition.
The RTE algorithm requires complicated computatmo a considerable number of parameters, thusritoise
difficult to be applied comparing with the otheravalgorithms, especially when real-time atmosphprifile is
lacking. The JM&S algorithm and QK&B algorithm onkgquire surface temperature, atmospheric wateorvap
content, and emissivity to retrieve LST [5-8]. Duaral. [9] applied these two algorithms to simulate LSSing
data from HJ-1B, and concluded that JM&S algorithraduced higher accuracy. However, they only penéxt
simple statistical analysis and derivation withthutrough and substantive investigation. Althougmynacholars
have conducted LST retrieval from HJ-1B/IRS dat@-1#], most of the error analysis was based onsstatl
analysis of the data [9, 15-17]. Evaluation of slemsitivity and precision of error analysis usirgtial differential
equation has rarely been reported.

In this study, based on the mechanism of thernfined, a revised QK&B algorithm was used to re®i&€ST from
HJ-1B thermal infrared data. Partial differentigliations were established to analyze the erroSifi tetrieval, and
the influence of each parameter’ variation on #tei@val error was studied. This study offers @merfice for similar
LST retrieval algorithms that are based on theiinfedred data from environmental satellites, ad @&gla scientific
basis for further accuracy improvement of LST extail.

REVISED QK&B AIGORITHM AND ITS PARAMETERS

Based on the equation of land surface thermal tiditransfer, Qin [18] derived an LST retrievajjadithm that is
based on remote sensing with single infrared cHargs algorithm is known as the QK&B algorithmdaits
formula is

sensor

[1=ga-c-p)r., ba-c-pyscspy-ony @

where Ts is the surface temperature (Kesr iS the temperature corresponding to satellite araci, € is the
emissivity,a andb are constants with values of -68.035 and 0.468%&pectively, andC =€T , D=(1-T)[1+(1-£)],

where T is the atmospheric transmittance. The absolut@msatric calibration coefficients published by Chin
Centre for Resources Satellite Data and Applicatior2011 were used for calibration, in order tocoddte the
satellite radiance of the infrared band of HJ-1E&IRhe following formulae were used.

{Lsensor = (DN -12.625) 56.277 @

Teensor =1249.91/ In(H 589.3 3L sensor

whereDN is the gray level of the IRS imagessensor is the satellite radiance, arlé is the average atmospheric
operative temperature. For HJ-1B satellite, an @gpration formula OfTa, proposed by Qin [18], is

T, =24.70005 0.888% whereTo is the near-surface temperature.

Xu et al. [19] adopted the temperature-vegetation index (JT\@gproach to retrieve near-surface temperature in
northwest China using HJ-1B remote sensing data.r€bult had mean absolute error (MAE) of 2.16 K axean
square root error of 2.72 K, indicating high accyral herefore, the TVX approach was adopted in stisly to

retrieve near-surface temperature. The calculatfas To illustrated below.
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To= Toint (Trae-Tryin| 2o+ A/ 2-12)
(d +2p)
d= 12(1+3 SNLATSNOS nwj
T cos ATcosd

sind= -sin( 234577/ 180) cos( 27( DOY + 10) / 365) 3)

tn=t5+(LON-120) / 15+ Eo/ 60

Eo= 0.0172+0.428005Q- 7.35158iNQuv- 3.3495005(2Q) - 9.3619sn(2Q)
Q= 27(DOY-1)/ 365

In the above calculation,

To — Temperature dt ;

Tmax — Highest daily temperature;

Tmin — Lowest daily temperature;

dl — Length of a day (derived based on date andits){20];

p - Time difference between the midday and the tifnkighest temperature (its value was assumedrei 2his

study)[21];

LAT — Latitude;

DOY — Day of year constant;
O — Solar declination;

th — Local solar time;

tj — Beijing standard time;
LON — Longitude;

Eq - Corrected movement;

Qo — Solar declination angle.

The temperature data of ground weather stationsfreas the surface climate datasets of China avilah the
website of China Meteorological Data Sharing Sen8gstem (http://cdc.cma.gov.cn/home.do).

Studies have shown that the variation of atmosphesinsmittance is solely associated with the dyoarange of
atmospheric water vapor content. Therefore, thenasibn of atmospheric transmittance is highly defent on the
atmospheric water vapor content [22]. Based onctieacteristics of HJ-1B satellite, Duehal. [7] proposed a
revised estimation formula for atmospheric trantanite as below. In the equations, w is the atmagpheater

vapor content.

1=0.9821- 0.124W
(4)

R?=0.9667

1.1 RETRIEVAL OF ATMOSPHERIC WATER VAPOR CONTENT

Models like MODTRAN produce point-based results. @lternative approach was adopted in this studgbi@ain
atmospheric water vapor content from MODIS datatudy of Menget al. [20] showed that MODIS water vapor
data is not necessarily applicable to small-scaéass for which channel ratio method produces lg¢adsigher
accuracy in retrieving water vapor content. The M®nage of the study area was generated at 1E:0@®came
day, which is near the time that the HJ-1B satetldta was acquired. Therefore, the MOD021KM data eut to fit
the area of Guangzhou and retrieve the area’s atmeois water vapor content. Considering the banfls o
MODO021KM data, the method proposed by Sobrino [2éfp adopted to retrieve the water vapor contené Th
equations are
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W17 =26.314- 54.434(17 L2 ¥ 28.44R¢ L/2°
Wis=5.012- 23.017(1s L2 ¥ 27.884¢s L/2?)

Wio=9.446- 26.887(10 L2} 19.91840 L/27)
w=0.192\,, + 0.453)\+ 0.35,

®)

In the above equationg.», Li7, L1z and Lis stand for the radiances of Band 2, 17, 18 and f1e MODIS
imagery, respectivelyW17, Wis and\W19 stand for the atmospheric water vapor contenBaofd 17, 18 and 19,
respectively; andV is the weighted mean of the estimated water vapotents of the three bands.

1.2 RETRIEVAL OF EMISSIVITY

Many methods are available for the calculationrofssivity. With the emissivity information providday the CCD
embedded on HJ-1B, the emissivity of the fourth IR$d was determined using the widely recognized/ND
thresholding approach [25-27]. At the scale of &Q0a reasonable partition of natural land surfacgividing it to
pixels of vegetation, soil and their mix. When thege contains dense vegetation, the average NRNievof the
area could be used as tiNDVIv value.

When NDVI > NDVIy , the pixel was considered a vegetation pixel atsd emissivity set to vegetation
emissivity€v .

WhenNDVIs<<NDVI<NDVI., the pixel was considered a mixed pixel of vegetatand bare soil and the
emissivity was calculated &s= &Py +&s(1— Pv)+ de , where€v ands are emissivity of vegetation and bare soil,

respectively,Py is the vegetation coverage, add describes the geometric structure of the mixeelpand its
internal scattering effect. The relation amongpheameters is

Pv = (NDVI - NDVIs)/ (NDVI. - NDVIs) 6
{dsz(l—SS)EvF (1— Pv) ( )

When the land surface is level, the valuedsf is roughly 0. TheF in the equations is a terrain factor with a mean
value of 0.55.

When NDVI < NDVIs, the pixel was assumed as a bare soil pixel wieosissivity is determined by that of the
infrared channel.

€=apr+b, wherePRr is the emissivity of CCD infrared channel, aacand b are regression coefficients. The
emissivity of CCD infrared channel can be retrieusthg the 6S atmospheric radiative transfer saftwa

With the 25 bare soil spectra included in the JotapkinsUniversity JHU) spectrum bd&8], and combining the
spectrum response functions of the CCD1 and CChshrtls of HJ-1B satellite, the emissivity and irdich
emissivity of bare soil were calculated. A sigrafitt correlation at 0.02-level was revealed betwibenemissivity
and infrared emissivity of bare soil; the corralaticoefficients were 0.482 and 0.484, respectiviety. CCD1 and
CCD2, the values dd were -0.0274 and -0.0273, whereas the valudsvedére 0.9779 and 0.9779. The emissivity
prediction error was in the range of -0.006 to 6.0@ the IRS channel, the emissivity of typicatfane objects
were 0.972, 0.983 and 0.988 for soil, vegetatiahwater, respectively.

2 ALGORITHM VALIDATION

2.1 STUDY AREA AND DATA SOURCE

Guangzhou is located in the south-central portio@wangdong, China. North to the South China Sebsanith to
the Nanling Mountains, Guangzhou has a typical miceaonsoon climate. Annual mean temperature rafrges

20 to 22°C, with an average relative humidity of 77%. Annpaécipitation in the urban area of Guangzhou is
around 1982.7 mm. The city spans from 112° 571#%° B5' E longitude and 22° 36' to 24° 04' N |atéu

Data selection was performed based on the varfepammeters needed by the algorithm. All the rensansing
images used were acquired on Jan 14, 2013. OnefgHd-1B/CCD1 image (acquired at 10:45, orbit nemiy88),
one grid of HJ-1B/IRS (acquired at 10:45, orbit fem3/86), one grid of MOD021KM remote sensing datd
one grid of MOD11 L2 product data (11:00) were @m$or the study. The chosen images were in goaditgu
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with little cloud and clear surface features, aodtained little interference.

2.2 LST RETRIEVAL RESULT AND VALIDATION

The MODIS temperature product MOD11_L2 with higlkegsion (error < 1 K), provided by NASA, is oftesed as
the standard to evaluate various algorithms’ LSTieeal performance. The thermal infrared band lkggm of HJ-
1B data is 300 m, whereas the spatial resolutiomM@®D11_L2 product is 1 km. Therefore, the MOD11_d&ta

was resampled to 300 m. Fig.1 displays the retddv8T spatial distribution of Guangzhou and the MﬁQLZ
data.

N N

Revised QK&B algorithm jL LST product of MOD11_L2
{ . o ' 16

o 48 48

Fig.1 :Retrieved LST spatial distribution of Guang4ou and MOD11_L2 data

For the evaluation of LST retrieval algorithms, graetric errors [29] are often determined by simotastandard
atmosphere with software packages that calculatesyheric radiative transfer. One advantage ofapjmoach is
that full simulation of LST is not required. Thipm@oach only requires three sets of simulated &, sets of land
surface emissivity, three sets of atmospheric teaipee, three sets of atmospheric transmittance,fanr or six
types of standard atmosphere. The approach has fgregad relatively accurate. However, the valuesmoist
parameters are presumed based on the atmosphgeimparior to obtaining comprehensive error dfedént types
of standard atmosphere and calculating mean e$ioce the parameters in the algorithm are all plairel data
with inconsistent values for different regions,ist not meaningful to validate the algorithms witlstj a few
representative values. Therefore, the practicahingaand conviction of this approach are limitedthis study, the
MOD11_L2 temperature product and the ground temperameasured from the filed were used to validhée
accuracy of the retrieval algorithm. Differenceviseén the LST of Guangzhou retrieved with the reliQK&B
algorithm and the MOD11_| 2 data provided by NASAllisstrated in Fig.2.
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Fig.2 :Difference between LST retrieved by revise@K&B and MOD11_L 2 data
As seen in Fig.2, the differences between theensdd LST and the MODIS data follow a normal disttibn, with

most differences concentrated in the range of t®.0.9 K. A relatively high spatial consistencystsown between
the retrieved LST of Guangzhou and the MOD11_L2perature data.
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Considering that the low resolution of MODIS protintay increase the difference of the algorithm emplact the
accuracy, the surface data used must be able teset the surface area covered by the remotensgpsiel in
order to further validate the algorithm. Six obsgion areas of Guangzhou, including Tianhe parlgme of South
China University of Technology, Baiyun Mountain, &wzhou Tower, Guangzhou Olympic Stadium and Lianhu
Mountain were chosen. Temperatures were taken eatsith areas, respectively, between 10:40 to 11ml€hé
morning of Jan %, 2013. The reason to choose this time period Wwasthe HJ-1B/IRS passes by Guangzhou at
10:45 and the Terra satellite passes Guangzho@:@0.1The land surface temperature temperaturere@sded
every 5 minutes in each area. After obtaining &mperature measurements, the mean temperaturesovapared
with the pixel temperature from MOD11_ L2 data ahd temperature retrieved with the algorithm. Takihg
Tianhe park area as an example, the center ofréi@is located at 1232'04'E and 237'36'N, it has a level terrain
covered mostly by grassland, gardens, waters, aifdifgs. The measurers used portable GPS andijjerizermal
infrared radiometer to scan an area of 9 to 16, wonsisting of 162 measuring spots, and recorbedstrface
temperature every 5 minutes at each spot. The gweemperatures of all the measuring spots measaetround
were then averaged. After a systematic analysisetientual LST comparison is as shown in Tab 1.

Tab. 1 Comparison of retrieved LST, MOD11_L2 dataand measured data

Observation Measured LST . . Retrieved LST Products
Geographic location
area (KD
Revised QK&B (K) MOD11 L2 (K)
) 113°2204"
Tianhe Park 292.93 23°0736" 293.54 293.17
campus of 113°2039"
SCUT 292.17 23°0906" 292.76 292.57
Baiyun 113°1742"
Mountain 290.51 23°1059" 291.15 290.05
Guangzhou 113°1902"
Tower 292.87 23°0502" 293.91 293.45
Guangzhou ° r
Olympic 293.75 1213?;028402??, 293.06 294.94
Stadium
Lianhua 113°3001"
Mountain 293.11 22°5830" 292.15 293.42
Mean 292.56 292.70 292.90

As seen in Tab.1, the LST retrieved with the redi@K&B algorithm, the MOD11_L2 data and the meadut8T
show good consistency. An average difference df B8 shown between the retrieved LST and the oredsL ST,
and an average difference of 0.65 K is shown betwke retrieved LST and the MODIS-LST data. Gemgrdie
measured LST is very close to the MODIS data forstrabservation areas, except for Guangzhou Olympics
Stadium, where a difference of 1.19 K exists. Thasy be attributed to that the area is close toutbvan area of
Guangzhou, where the emission of traffic exhaustiganigh and the vegetation is sparse. For LiarNoantain,
which is the least influenced by vegetation andewahe difference between the measured LST and/h®IS
data is only 0.31 K. Meanwhile, the retrieved LSl dhe measured LST exhibit the difference as hgyh.14 K for
the Guangzhou Tower area. The temperatures of ottesrvation areas were relatively close to theeretd LST
with errors less than 1 K. A good result of applythe revised QK&B algorithm to the monitoring ashlysis of
Guangzhou’s heat island effect was demonstrated.

3 PARAMETER SENSITIVITY IN LST RETRIEVAL FROM HJ-1B /IRS DATA
Generally, the sensitivity of LST retrieval to paueter errors can be calculated with the followiggation [15, 31].

ATs =[Ts(x+AX) - Ts(x)| (7)

whereT=(x+8x) gngTs (x) are the retrieved land surface temperatures qmnelng to parameters (+x)

and §), respectivelyATs is the LST retrieval error, andX is the estimation error of parameserConsidering the
capability of partial differential equation of refiting change rate, partial differential equatioese established for
all parameters to perform sensitivity analysis, rehthe influence of each parameter’s error on #tgeval of Tg
was analyzed.

3.1 THE FACTOR OF EMISSIVITY

The LST retrieval errors (T+) caused by emissivity estimation errgf) was derived through the partial
differential equation based on the revised QK&Boailtpm.
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Based on the above equation, the LST error caugeltheb emissivity error was investigated. The edqumativas
imported into ENVI-IDL program and the relation \ween LST error and the emissivity error as showRign3 was
obtained. During the process, the values of akioffarameters of the QK&B algorithm were kept thame with the
parameter setup (plane pixel values) so that ttog &r the obtained LST is resulted from emissiwtyor only.
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Fig.3 :Probable LST estimation error because of th@ossible emissivity error

As seen in Fig.3, the LST error decreases wittethissivity and increases with the error in emisgivihe diagram
shows five different values of the emissivity. Whée error in the emissivity was 0.01, the results8iT errors at
all five values of emissivity was 0.6 K. In additiovhen the s emissivity changed from 0 to 0.08,résultant LST
error was always in the range of 0 to 1.5 K. Then&fwe can conclude that the variation of emisgikias little
influence on LST retrieval error.

3.2 THE FACTOR OF ATMOSPHERIC TRANSMITTANCE

Similarly, the LST errof(™) caused by atmospheric transmittance efkbr was derived based on the revised
QK&B algorithm:

_[oTs
&(T:) _[ T }e(r) 9
:Fa—e)Jm A-6)o- -+ 1 +E-Ta} e(1)
€ € €T €T €

The relationship between atmospheric transmittaroer and LST retrieval error was investigated afatted as
Fig.4, with other parameters kept constant.
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Fig.4:Probable LST estimation error because of thpossible atmospheric transmittance error
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As seen in Fig.4, the variation of atmosphericgraitance has a relatively high influence on LSberGenerally,
LST error is inversely proportional to atmosphéransmittance and proportional to atmospheric trattance error.
At the transmittance of 0.5, the LST error causgdransmittance error of 0 to 0.1 was around 3.6\Kien the
transmittance is 0.9, the LST error caused by trétence error of 0 to 0.1 was around 1 K. We camctude that
the variation of atmospheric transmittance hasitgmt influence on LST retrieval error. Therefpthe error in
transmittance should be kept under 0.1 throughiggesnd strict computation.

3.3 THE FACTOR OF AVERAGE ATMOSPHERIC TEMPERATURE
The LST error®=(T) caused by the error in average atmospheric operminperaturé(Ta) is

6. (T)= [%} o(Te) = {(—1)w}e(n)- (10)

a

L @-gis (1—8)‘[]}

As Equation (10) shows, at a constant vaIuL( olf) et , LST error is irrelevant to the value of average
atmospheric operative temperature but associatéu itgi error. Therefore, a ratio relation betweeémaspheric
transmittance and emissivity was studied in ordeolitain the LST error resulting from the variatiohaverage
atmospheric operative temperature. Sifcand € are two unknown variables whose relationship needbe
determined to understand the LST error, the twiuémfcing factors discussed above, atmosphericriritasice and
emissivity, were utilized. The ratio relation beemethem was obtained and the resultant LST erras ishown in
Fig.5 and Tab.2

Tab.2 Relationship ratio of land surface emissivityand atmospheric transmittance factor

zurface emissivity Atmosphen%transmntance C=gr D Z(l—T)I:1+(l—£)T] %

0.95 0.5 0.475 0.5125 1.078947
0.96 0.5 0.48 0.51 1.0625

0.97 0.5 0.485 0.5075 1.046392
0.98 0.5 0.49 0.505 1.030612
0.99 0.5 0.495 0.5025 1.015152
0.95 0.6 0.57 0.412 0.722807
0.96 0.6 0.576 0.4096 0.711111
0.97 0.6 0.582 0.4072 0.699656
0.98 0.6 0.588 0.4048 0.688435
0.99 0.6 0.594 0.4024 0.677441
0.95 0.7 0.665 0.3105 0.466917
0.96 0.7 0.672 0.3084 0.458929
0.97 0.7 0.679 0.3063 0.451105
0.98 0.7 0.686 0.3042 0.44344
0.99 0.7 0.693 0.3021 0.435931
0.95 0.8 0.76 0.208 0.273684
0.96 0.8 0.768 0.2064 0.26875
0.97 0.8 0.776 0.2048 0.263918
0.98 0.8 0.784 0.2032 0.259184
0.99 0.8 0.792 0.2016 0.254545
0.95 0.9 0.855 0.1045 0.122222
0.96 0.9 0.864 0.1036 0.119907
0.97 0.9 0.873 0.1027 0.11764
0.98 0.9 0.882 0.1018 0.11542
0.99 0.9 0.891 0.1009 0.113244

As seen in Fig.5 and Tab.2, LST error varies with error in average atmospheric operative temperathe
maximum LST error is 6 K, which is not permissibite LST retrieval. When the ratio relation betwedme t
emissivity and atmospheric transmittance is consts®IT error is proportional to the error in avesamospheric
operative error. Generally, LST error is proporéibio the ratio. The ratio can be divided into fiwgervals,
0.113~0.122, 0.255~0.277, 0.435~0.466, 0.67~0.@21ail~1.07. When the ratio varied in the firseiutl, as the
average atmospheric operative temperature erramgettafrom 0.5 K to 4.5 K, the resultant LST erralyochanged
for less than 1 K. When the ratio was in the indsvof 0.67~0.73 and 1.01 to 1.07, the variatioraeérage
atmospheric operative temperature error from 0t6 K.5 K resulted in LST error of 0.25 to 3.8 K &h8 to 5.6 K,
respectively. Therefore, in addition to control #neerage atmospheric operative temperature withieagonable
range during LST retrieval, this ratio relationweén surface emissivity and atmospheric transnuétamould also
be considered. By considering both factors, the l&8ior caused by error in average atmospheric tipera
temperature can be reduced significantly.
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Fig.5:Probable LST estimation error because of th@ossible average atmospheric temperature error

3.4 THE FACTOR OF ATMOSPHERIC WATER VAPOR CONTENT
The LST errore”(TS) caused by error in the estimation of atmosphedterwapor content
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Fig.6:Probable LST estimation error because of th@ossible water vapor content error

After the partial differential derivation, the LSFror caused by the error in atmospheric water vapotentw was
calculated as shown in Fig. 6. A linear relatiopstan be seen. When the atmospheric water vaparier®.1 g/crfy
the resultant LST error was about 0.2 K, and tloeei@se of the former to 0.5 g/tmesulted in an LST error of 0.2
to 1 K. As the LST error resultant from 0.5 gfoofi water vapor error was 1 K, the influence ofavatapor error on

LST retrieval error was considered high. Therefte, water vapor error should be kept under 1 §bbming LST
retrieval in order to reduce this influence.

3.5 THE FACTOR OF NEAR-SURFACE TEMPERATURE

The LST errorem(TS) caused by near-surface temperature estimationr &qd) (calculated with partial
differential equation of the revised QK&B algorithis
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As Equation (12) shows, when the error in nearasgrftemperature is maintained at &t , the
resultant LST error is only related to the erroespmising the value of the temperature. On the bekithe
relationship between atmospheric transmittanceeamidsivity, the relationship between LST error aedr-surface
air temperature error was plotted as in Fig.7.

01 81? W23 @34 s45 LET===X

HENE Sl
==milEHEE RN
EE B8

0e32
0622
uG12
003
(UF )
o408
(el
(354
368
243
0235
Ld3sh
o2
226
o109
o.1a7
105
(103
0,101

238233
hARER T
a9 8 a da (=]

Fig. 7 Probable LST estimation error because of thpossible near surface air temperature error

As seen in Fig.7, when the error in near-surfaceéeanperature varied in the range of 0.5~5 K, #sultant LST
error was in the range of 0~5 K. Generally, at astant ratio relation between emissivity and atrhesis

transmittance, LST error increases with near-sertictemperature error. When the ratio was inrémge of 0.101
to 0.109, the LST error changed only slightly witle near-surface temperature error in the range-ofl K. When
the ratio was in other ranges, the LST error exbibidifferent degrees of fluctuation with near-aug air
temperature error. When the ratio was in the rafg®2902 to 0.959, LST error varied significanttythe range of
0~5 K as the near-surface air temperature errongddh from 0.5 K to 5 K, and the near-surface aimperature
error of 1 K resulted in LST error of about 1 K. €Fbfore, both the ratio relation between emissiatd

atmospheric transmittance and the near-surfaderaperature error should be controlled in loweigeanin order to
reduce LST error.

CONCLUSION

In this study, a revised QK&B algorithm was adoptegerform error analysis of the land surface terafure (LST)
retrieval with data from HJ-1B/IRS remote sensingtad The algorithm was chosen based on responsive
characteristics of the thermal infrared band ofiBJsatellite. With the remote sensing data, the d&fribution of
Guangzhou on Jan 14, 2013 was retrieved. The plixet of a temperature product and the field measdwurface
temperature were used to validate the algorithme Témperature product was MODIS, which was used to
interpolate the retrieved LST. The difference betmvéhe retrieved LST and the MODIS-LST data wakhérange

of -0.9K~0.9K with a normal distribution. The diffsnce between the retrieved LST and the measur@dwss
0.32 K, and the difference between the measureddrfilthe MODIS-LST data was 0.65 K. A high precisid the
revised QK&B algorithm was demonstrated.

Based on the principle of rate of change, partifiébntial equation was established for sensitiéhalysis. Error
analysis was performed for LST retrieval in ternisfige influencing factors. The partial differentiaquation
derived from the algorithm showed that emissiviég insignificant influence on LST retrieval errdhe emissivity
error of 0.01 led to LST error of about 0.6 K, wées the variation of emissivity error from 0 to3léd to LST
error in the range of 0 ~ 0.5 K. Meanwhile, LSToeris inversely proportional to atmospheric trarttamice and
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proportional to the error in atmospheric transmite the transmittance error of 0.1 resulted in E8Dr of 1 K,
which is relatively large. When the ratio relatiogtween emissivity and atmospheric transmittanceristant, LST
retrieval error is only associated with the erroaverage atmospheric operative temperature. Tloeaemissivity
to atmospheric transmittance is in a ladder distidim; when the ratio was in the ranges of 0.673-@&id 1.01~1.07,
the variation of average atmospheric operative tgatpre from 0.5 to 4.5 K resulted in LST erroi0d?5 to 3.8 K
and 0.5 to 5.6 K, respectively. As of the atmosjgheater vapor content, a linear relationship wasfl between its
error and the resultant LST error; when the erforater vapor content was 0.1 gfgrthe resultant LST error was
about 0.2 K. Near-surface temperature was anotiferencing factor; the variation of near-surfacenperature
error from 0.5 to 5 K led to LST error in the rangfe0 to 5 K. At constant ratio relation betweenigsivity and
transmittance, the LST retrieval error generallyréased with the increase of near-surface temperatvor. When
the ratio was in the range of 0.902~0.959, theatian of near-surface temperature error from 0.5 Koled to LST
error of 0 to 5 K, where 1 K of surface temperaem®r could result in LST error of near 1 K.

Through the error analysis presented in this pahpergeneration and transfer patterns of errorSit ketrieval with
the revised QK&B algorithm from HJ-1B thermal infed data was revealed. This paper provides a referfor the
error analysis of similar LST retrieval algorithrtisat retrieve LST from environment thermal infrarbdnd
satellites or other satellite sensors. In additeoiscientific basis is offered for further erroduwetion and accuracy
improvement of LST retrieval.
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