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A Technique for Mapping Thermal Infrared Radiation
Variation Within Land Cover

Kazuo Oki and Kenji Omasa

Abstract—in this letter, a technique for mapping the thermal in- Il. ESTIMATING THERMAL INFRARED RADIANCE
frared radiation variation within land cover using both a classifica- OF EACH LAND COVER
tion map and athermal infrared image is proposed. Furthermore, a
technique to effectively calculate the average thermal radiance for A. Linear Mixture Model

each land cover from Thematic Mapper (TM)-type sensors, which  » yarma infrared image with low spatial resolution gener-
aquire high resolution of visible and near-infrared images and low

resolution of thermal infrared images, was also proposed. These &lly contains multiple categories within a pixel (mixed pixels).
techniques provide useful information on processing TM-type sen- Therefore, a thermal infrared image should be analyzed, taking

sors for urban heat monitoring, vegetation diagnosis monitoring, the influence of each category into consideration.

forest fire monitoring, and so forth. If atmospheric influences can be ignored and temperatures
Index Terms—Mixed pixel, thermal infrared image, urban heat,  in the same category are equal throughout the thermal infrared
vegetation diagnosis. image, then the thermal infrared radiance (watts per square

meter steradian micron) of a pixelj can be expressed as the

I. INTRODUCTION ;gﬁcr)w:l infrared radiance representing each categbry)(as

HERMAL INFRARED images observed by remote
sensing provide useful information in evaluating the k
environmental conditions of land and water areas. For example, k= Z @ Fonj- 1)
information regarding plankton and El Nifio is used in helping 7=t
fisheries [1], [2] and evaluating influences on the globgli,yever
environment, such as global warming. Information regarding

the condition of areas of land is used in evaluating the urban k

heat effect, vegetation transpiration, volcanic activities, and Zaj =1 2)
other phenomena. However, current thermal infrared sensors i=1

for satellite remote sensing have low spatial resolutions. As a a; >0 (3)
result, an observed pixel contains multiple categories (mixed

pixels). wherea andk are the coverage of each category within a pixel

Some researchers have reported studies regarding the peaid the number of categories Ain in (1) can be estimated, the
lems of mixed pixels [3]-[7] and low spatial resolutions in inthermal infrared radiance in each category can be analyzed with
frared thermal imaging [8]-[11]. These studies are based higher precision.
the assumption that temperatures are equal throughout the same
land cover type [8]-[11]. However, this assumption is often n@. Determining Thermal Infrared Radiance of Each Category
true when the selected area is wide. For example, the urbarwe used visible and NIR images of Landsat Thematic Mapper
heat phenqmenon may make the groupd surface temper_aturtarllol) (spatial resolution: 30 m), which has higher spatial reso-
a metropolitan area different from that in an area categorlzedI

. ; ons than thermal infrared image of Landsat TM (spatial res-
the same urban area. Even the same species of vegetation Bid¥on: 120 m), to determin&m. In this letter, we used dig-

shpw_different leaf temperatures, depending on a different trarﬂa’l numbers (DNs) in order to express thermal infrared radi-
spiration rate [12]. ance of thermal infrared imagek.and E'm are proportional to

In this letter, the thermal infrared radiance from each la Ns used in thermal infrared images of Landsat TM, since the
cover in low spatial resolution images using visible and near-izim- '

) . - . . thermal band is calibrated on a linear relationship between
frared (NIR) images of higher spatial resolutions was estimat
r

d a techni ¢ extracti b Lth | infrared N and radiance. Fig. 1 shows a false-color image of the Kanto
and a technique ot extracting abnormal thermal infrared ra (%F in Japan observed on April 19, 1993, and Fig. 2 shows the

?r':lon a;]reatstrt])ased on tr;e fact that temper%tures are not el nal infrared im age.
roughout Ine same category was proposed. To determineEm from (1), £ (thermal infrared radiance of
a pixel) anda (coverage of each category within a pixel) is re-
Manuscript received June 12, 2002; revised April 2, 2003. quired. The thermal infrared radiance of a pixel can be obtained
The authors are with the Graduate School of Agricultural and Life Sciencgpom the observed image. To calculate the coverage of each cate-
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tokyo.ac.jp; aomasa@mail.ecc.u-tokyo.ac.jp). gory within a pixel o athermalin rared image of Lanc §at h,
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Fig. 1. False-color image of the Kanto Area in Japan observed on April 1
1993.
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Fig.3. Image classified by the ISODATA method using six bands of the visible
and NIR images of Landsat TM observed on April 19, 1993.

Lowerd C. Image of Thermal Infrared Radiance From Each

Digital Number Land Cover
- o o . . e .
[ By substituting the estimatefim in the classified image in
e e Fig. 3, the resolution of the thermal infrared image shown in
7 6o Fig. 2 is finer. Fig. 4 shows the estimated fine image of the

thermal infrared radiance from each land cover.
Fig. 2. Thermal infrared image of Landsat TM. The estimated fine image in Fig. 4 is based on the assump-

tions that atmospheric influences can be ignored throughout the

six bands of the visible and NIR images of higher spatial re'gpage and that temperatures are equal throughout the same cat-

olutions. Then, the thermal infrared image was overlaid on oy [31-{6]-
classified Landsat image. From the overlaid image, the coverage
of each category within a pixel was determined for a Landsat '
TM thermal infrared image.

From the calculated coverage of each category and theThe estimated fine image shown in Fig. 4 is based on the as-
known thermal infrared radiance of a pixel in the thermaumption that the temperature is equal throughout the same cat-
infrared image, the unknown thermal infrared radiance in eaegory. However, this assumption is often not true, due to factors
category was estimated by the least squares method usings{igh as urban heat phenomenon and plant transpiration. Thus,
and under the conditions of (4) [13] a new technique for extracting an area of abnormal thermal ra-
diation was developed, based on the fact that the temperature is
not equal throughout the same category. If several influences
produce a temperature difference even in the same category,

then the thermal infrared radiation radiance in a pixel of an in-

Each category in the classified Landsatimage must be ideglly, o 4_and image should not be expressed as in (1) but as fol-
the same land cover type. However, in general, it is difficult Rws:

determine the optimal number of categories within an image,
since the user has to subjectively decide the categories or the
number for the purpose of research. E= Z aj - Emj + AE ®)
There may be a more optimal number of categories, but in =1
this study, the Landsat Image was classified into 15 categoriagiere AE is the difference between the observed and esti-
in order to separate urban and snow area and to consider eaglied thermal infrared energies based on the assumption that
land cover type or same land cover type within the image. Hete temperatures are equal throughout the same category. In
we assumed that the optimal number of categories is 15. Figother words, an area with abnormal thermal radiation in each
shows the image classified by the ISODATA method using spategory can be extracted from a thermal infrared image by
bands, the visible and NIR images, of Landsat TM observegaluatingA E with (6)
on April 19, 1993. Table | lists the estimated thermal infrared
radiance for each category. The classified categories roughly
consist of water, vegetation, urban area, snow area, and bare
soil. Ideally, we want to decide the name of land use or land
cover for the 15 categories, but it is difficult to specify what AE expresses a positive or negative value. A large positive
each category is. value indicates high thermal infrared radiance, while a large

EXTRACTING INFORMATION ON ABNORMAL THERMAL
RADIATION FROM EACH LAND COVER

Epj 2 0. (4)

k

k
AE=E=Y a;Ep;. (6)
j=1
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TABLE |
ESTIMATED THERMAL INFRARED RADIANCE (DN) FOR EACH CATEGORY
Water 1 Water 2 Vegetation 1 Vegetation 2 Vegetation 3
104.9 106.7 117.7 113.9 117.6
Vegetation 4 Vegetation 5 Vegetation 6 Vegetation 7 Urban area 1
92.1 113.9 119.1 130.4 129.1
Urban area 2 Snow area Bare soil 1 Bare soil 2 Bare soil 3
133.7 ' 87.6 135.4 131.3 138.6
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Fig. 5. AE image calculated from (6).
Fig. 4. Estimated fine image of the thermal infrared radiance from each land
cover.
negative value indicates low thermal infrared radiage@indi-
cates an average area of thermal radiaddg is affected by the Lo
abnormal thermal radiation in each category but also by other .

effects such as atmospheric effects, topographic effects, land
cover classification errors, and nonlinearities in mixed-pixel ra-
diances. Furthermoré\ £ depends on the image data itself and
may not be an inherent land surface parameter. In addition, if
multitemporal data are to be analyzed usihg, then atmo-
spheric correction is necessary to compensate for seasonal 4t%

mospheric variations, and emissivity is also required to be con-

sidered because emissivity for each land cover such as veg tyvey but may indicate that central Tokyo is discharging more
tion and urban areas can be different eat than other urban areas. The derivation éfis simple and

Fig. 5 shows a\E image calculated from results of Fig ,easy. MoreoverA E will give effective information for thermal

and Fig. 4 using (6) at a spatial resolution of 120 m. The spat|3frared analysis of remotely sensed imagery.
resolution of theA £ image is also 120 m. In Fig. 5, the thermal
infrared radiance varies in vegetation areas. The cause of this
variation cannot be clarified without a field survey but may be A technique was developed for estimating the thermal in-
attributable to the difference in thermal radiation from the trarfirared radiance of each land cover in a low spatial resolution
spiration of leaves [12]. In addition, Fig. 6 shows an image @fhage using visible and NIR images of higher spatial resolu-
Tokyo enlarged from Fig. 5. From Figs. 5 and 6, it can be seé&ions. Also, a technique was developed for mapping the thermal
that the thermal infrared radiance value of central Tokyo, espefrared radiation variation based on the fact that the temper-
cially the downtown area, is greater than those in other citiegture is not equal throughout the same category. In the future,
and theA E value corresponds to major business areas or majbese techniques can be applied to the diagnosis of vegetation
roads. The rivers have also a highteF value in central Tokyo. and evaluation of thermal environments inside cities by ana-
The cause of these variations cannot be clarified without a fidigzing the AE in images from season to season.

AE image of the central Tokyo.

IV. CONCLUSION
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