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A Physically-Based Transformation of Thematic
Mapper Data—The TM Tasseled Cap

ERIC P. CRIST anDp RICHARD C. CICONE

Abstract—In an extension of previous simulation studies, a transforma-
tion of actual TM data in the six reflective bands is described which
achieves three objectives: a fundamental view of TM data structures is
presented, the vast majority of data variability is concentrated in a few
(three) features, and the defined features can be directly associated
with physical scene characteristics. The underlying TM data structure,

based on three TM scenes as well as simulated data, is described, as are .

the general spectral characteristics of agricultural crops and other scene
classes in the transformed data space.

I. INTRODUCTION

NALYSIS of remotely sensed scanner data requires syn-
A thesis of information contained in several discrete spec-
tral bands into information which can be associated with the
physical characteristics of scene classes. This process might be
thought of in three parts: 1) understanding the relationships
among the spectral bands for the scene classes of interest, 2)
compressing the n spectral bands of information into a man-
ageable number of features, and 3) extracting physical scene
characteristics from the spectral features. Application of
Landsat-MSS data to vegetation monitoring (forests, agricul-
ture, etc.) has included a variety of approaches to accomplish-
ing one or more of the necessary steps in the process. Ratios
of bands such as MSS7/MSS5 or the Normalized Difference
(Rouse et al. [1]) are examples of features which partially full-
fill these functions: they are based on known spectral interac-
tions in green vegetation canopies, provide some limited data
volume compression, and are more readily associated with
scene attributes than are the raw MSS bands. Principal com-
ponents analysis provides data volume reduction, but pre-
sents substantial obstacles with regard to physical interpreta-
tion of the derived features, particularly between dates or
scenes.

The Tasseled Cap transformation of MSS data, developed by
Kauth and Thomas [2], accomplishes all three functions.
Analysis of Landsat data from agricultural regions has shown
that, on any given date, the four-band MSS data primarily oc-
cupy a single plane, with the various band pairs providing
skewed views of that plane. This planar distribution of the data
results from correlations between the two visible bands and
the two infrared bands which arise as a result of plant and soil
reflectance properties. The Tasseled Cap transformation ro-
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tates the MSS data plane such that the vast majority of data
variability is concentrated in two features, i.e., the plane is
viewed ‘“‘head-on.” For a single plane, this view and one which
presents the edge of the plane (thus establishing its two-dimen-
sionality) can be considered “fundamental views,” since they
present the most basic structures of the data in the most direct
manner.

The MSS Tasseled Cap transformation further orients the
data plane such that the two features which define it are di-
rectly related to physical scene characteristics. Brightness, the
first feature, is a weighted sum of all the bands, and was defined
in the direction of principal variation in soil reflectance. It thus
measures soil brightness or total reflectance. The second fea-
ture, Greenness, is a contrast between the near-infrared bands
and the visible bands. The substantial scattering of infrared
radiation resulting from the cellular structure of green vegeta-
tion, and the absorption of visible radiation by plant pigments
(e.g., chlorophyll), combine to produce high Greenness values
for targets with high densities of green vegetation, while the
flatter reflectance curves of soils are expressed in low Green-
ness values. A third feature, termed Yellowness, was originally
defined in the spectral direction expected to correspond to
plant senescence (Kauth and Thomas [2]), but was subse-
quently redefined to serve as a haze diagnostic (Kauth e al.
[3]). As a linear transformation (rotation), the MSS Tasseled
Cap transformation preserves the euclidean relationships in the
raw data, but captures typically 95 percent or more of the total
variability in two readily-interpretable features. Furthermore,
since it is an invariant transformation, features are consistent
between scenes, and can be so interpreted once the data have
been normalized for external effects such as haze level and
viewing and illumination geometry. These desirable character-
istics have resulted in the widespread acceptance and use of this
transformation of MSS data.

In the last several years, anticipation of the now completed
launch of Landsat-4, which carries the Thematic Mapper,
produced interest in the possibilities of a Tasseled-Cap-like
transformation for TM data. The scene reflectance character-
istics which result in the planar concentration in MSS data,
and the similar placement of some of the TM and MSS bands,
suggested that such a transformation might prove useful, while
the increase in number and dispersion of spectral bands of the
TM as compared to the MSS made data volume reduction and
improved interpretability even more attractive.

Crist and Cicone [4] briefly summarize the work of other
scientists in the pursuit of a TM Tasseled Cap transformation,
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Fig. 1. Basic dimensional relationships in TM data.

and present such a transformation based on simulated TM data.
That work showed that vegetation and soils TM data in the six
reflective bands primarily occupy three dimensions defining
two planes and occupying a “transition zone” between the two
(Fig. 1). This paper carries that simulation-based transforma-
tion to actual TM data, presents a rotation matrix with which
to adjust TM data in the six reflective bands to TM Tasseled
Cap coordinates, and describes some of the physical processes
which cause and are expressed in the TM data structures.

II. MATERIALS AND METHODS
A. Data

The data set used in this analysis consisted of portions of
three TM scenes, as described in Table I. All three sub-scenes
contain some proportion of agricultural fields, natural vegeta-
tion, forest, water, and manmade features (e.g., roads, airports,
urban areas). The North Carolina scene, which includes an ex-
tensive agricultural holding with unusually large fields sur-
rounded by forest and water, constitutes an ideal scene for
derivation of a data transformation, in light of the proximity
of a diverse set of cover classes. In addition, because of the
long growing season in this locale, a range of crop development
stages and conditions was present at the time of data collec-
tion providing, in effect, an entire season of data in a single
acquisition. As a result, this scene served as the primary study
site in the reported research, with the other two sub-scenes
serving to corroborate the results achieved with the North
Carolina sub-scene. Samples ranging from 1-in-25 to 1-in-225
were selected, resulting in 9000-13000 pixel samples from the
three sub-scenes. These samples constituted the actual spectral
data used.

B. Experimental Approach

The process of understanding the structure of TM data, and
deriving a TM Tasseled Cap transformation, logically includes
both the simulated and actual data analyses, and so the exper-
imental approach encompasses both phases of the analysis.
The simulation analysis approach is described by Crist and
Cicone [4]. In making the transition from simulated to actual
TM data the simulated data transformation was first applied to
the actual data, and then adjusted based on the resulting pre-
sentations of the data.

The approach taken with regard to understanding the struc-
ture of the data, and the expression of physical processes within
the data structure, can perhaps best be described as a synthesis
of physical understanding (including the spectral characteris-
tics of important scene classes, the expression of particular
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TABLE I
DESCRIPTION OF THEMATIC MAPPER DATA SETS
Sub-scene
Scene Name Scene # Date Lines Points
Arkansas/Tennessee  40037-16031 22 Aug '82 1-1600  2975-4775
Iowa 40049-16262 03 Sep '82 1-965  1990-4235
North Carolina 40070-15084 24 Sep '82  1755-2225  3125-3810
TABLE II
THEMATIC MAPPER TASSELED CAP COEFFICIENTS
(present configuration—see text for details)
TM Band
Feature 1 2 3 4 5 7
Brightness .3037 .2793 .4743 .5585 .5082 .1863
Greenness  -.2848 -.2435 -.5436 7243 .0840 -.1800
Wetness .1509 L1973 .3279 .3406  -.7112  -.4572
Fourth -.8242 .0849 .4392  -.0580 L2012 -.2768
Fifth -.3280 .0549 .1075 .1855  -.4357 .8085
Sixth .1084  -.9022 .4120 .0573  -.0251 .0238

physical processes in those scene classes, the radiometric char-
acteristics of the sensor, and the interactions of the three) with
a degree of intuition based on experience with Landsat MSS
data. Corroboration and refinement of the expectations derived
by this process were accomplished through analysis of data for
particular scene classes in both the simulated and actual data.

III. RESULTS AND DiscussioN
A. General

Application of the simulation-based coefficients to the ac-
tual data resulted in presentations of the data which closely re-
sembled the simulation results, but with slight misalignments
of the coordinate axes. A series of small (<10 degree) rota-
tions applied to the various feature coefficients corrected the
misalignments, and resulted in the single transformation matrix
which achieved the desired result for all three sub-scenes. This
matrix is provided in Table II. Fig. 2 illustrates the three fun-
damental views of the TM data, transformed to TM Tasseled
Cap coordinates, for the North Carolina sub-scene. These re-
sults correspond closely to the simulation results shown in Fig.
3. Here as with the MSS data, the “fundamental views” are
those which present the data structures in the most direct man-
ner. For TM data from vegetated scenes, these views present:
a) the Plane of Vegetation, b) the Plane of Soil, and c) the
edges of these two planes.

The three primary features of the TM Tasseled Cap trans-
formation will be discussed first, after which the three funda-
mental views provided by the transformation will be considered.

B. The TM Tasseled Cap Features

Brightness: The first feature, Brightness, is a weighted sum
of all six reflective TM bands (Fig. 4). As such, it is responsive
to changes in total reflectance, and to those physical processes
which affect total reflectance. Thus differences in soil charac-
teristics such as particle size distribution will be clearly ex-
pressed in Brightness, while increases in vegetation density,
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