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Principle and Rotated Component 
Analysis of Urban 
Surface Ref lectances 
Principal component analysis allows a data set of measurements 
which are correlated with each other to be transformed into one where 
the variables are mutually uncorrelated. 

L ANDSAT MSS response data consists of measure- 
ments which are correlated with each other. 

Principal component analysis allows this data set to 
be transformed into one where the variables are mu- 
tually uncorrelated, In addition, the method allows 
the determination of the number of linearly inde- 
pendent sources of variation within the Landsat data 
set that can effectively summarize the data without 
a significant loss of information. Because of corre- 
lation, this will be generally less than the number 
of variables. A good description of the principal 
component method can be found in Mather (1976). 

A number of researchers have used principal 
component analysis for the analysis of rural areas, 
including Donker and Mulder (1976), Austin and 
Mayo (1978), and Lodwick (1979); for land-use 
change detection, for example, Bryne and Crapper 
(1979) and Bryne et al. (1980); and for mapping fire 
burns and vegetation regeneration (Richards and 
Milne, 1984). Generally, it has been found that the 
first two principal components of a Landsat data set 
contribute on the order of 98 percent of the total 
variance. The first principal component is seen as 
representing a general brightness component, and 
the second a general greeness component or, as 
Donker and Mulder (1976) suggest, "the designa- 
tion color is a better one." 

This paper examines the results of the application 
of principal component analysis to urban residential 
data by comparing the form to that determined in 
rural studies, by explaining the nature of the com- 
ponents, and by suggesting new explanatory, ro- 
tated orthogonal axes. The Landsat data analyzed 
was derived from 2800 pixels from 70 sampling areas 
over residential areas of the city of Sydney, Aus- 
tralia. These areas comprised essentially single 
family detached housing with housing density 
ranging from 5 to 20 houses per hectare. For specific 
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details of the sampling procedure, see Forster 
(1983). Landsat digital count values were converted 
to radiance using known sensor characteristics 
(G. S.F.C., 1982). Radiance values were then con- 
verted to reflectance using an atmospheric correc- 
tion procedure (Forster, 1981) so that the results 
were temporally independent. The procedure was 
essentially derived from a model proposed by 
Turner and Spencer (1972), where the attenuating 
effect of aerosols is estimated from visibility mea- 
sures taken at the time of the satellite overpass. For 
each pixel the cover proportions of grass, trees, and 
various urban materials were also determined. On 
average, each pixel contained 36 percent grass sur- 
face, 23 percent roof material (primarily red terra- 
cotta tiles), 16 percent evergreen tree cover, 14 per- 
cent road material (bitumen), 5 percent concrete 
material, and 6 percent other roof material, water, 
and bare soil. 

The data were analyzed using an spss (Nie et al., 
1975) factor analysis program, without rotation, 
which is equivalent to a principal component anal- 
ysis when the communalities are set to one, i.e., all 
variables are retained in the analysis. The coefficient 
score matrix was determined, with each component 
normalized to one. These coefficients represent the 
weights to be given to each variable so that com- 
posite scales can be built that represent the theo- 
retical dimensions associated with the respective 
principal components. The coefficient matrix, with 
the respective percentage of variance contributed 
by each component, is shown in Table 1. 

The results of Table 1 clearly indicate the basic 
band sum, visiblelinfrared difference common to 
principal component analysis. Austin and Mayo 
(1978) indicated that their first principal component 
represented approximately 90 percent of the vari- 
ance, and a similar proportion was determined by 
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% Variance 50.7 43.3 3.8 2.2 
Cumulative % 50.7 94.0 97.8 100.0 

% Variance 47.7 45.9 3.7 2.7 
Cumulative % 47.7 93.6 97.3 100.0 

Ri = Reflectance, Band i; PCi = Principal Component, i .  

Donker and Mulder (1976). This represents a major 
difference from the results of this study where, from 
Table 1, the first component (PC1) contributes to 
only 50.7 percent of the variance while the second 
component (PC2) contributes 43.3 percent. In ad- 
dition, the final two components (PC3 and PC4) 
contribute a larger percentage of the variance, a 
total of 6 percent, compared to less than 1 percent 
for both of the cited results. 

While vegetative cover is the primary cover in 
rural areas, this is not the case in urban residential 
areas, where a large proportion of the cover is non- 
vegetative material. Urban residential areas have a 
different visiblelinfrared signature from vegetation, 
so that, while brightness will still be a major con- 
tributor to the variance, the visiblelinfrared differ- 
ence will be nearly as important. Because of the 
great diversity found in an urban scene when com- 
pared to a rural scene, the third and fourth com- 
ponents may also be marginally significant contrib- 
utors to the variance. 

The correlations between the four derived com- 
ponents and the various cover variables were cal- 
culated in order to determine whether the comDo- 
nents represented some underlying structure of the 
cover data. The correlation matrix is given in Table 
2. Surfaces represented are house (predominantly 
redlbrown tiled roofs), road (bitumen surfaces), con- 
crete, tree (predominantly eucalypts), and grass 
(healthy mown grass). Immediately apparent is that 
non-vegetative surfaces primarily correlate with the 
second component, while the vegetative surfaces, 
particularly tree cover, are relatively equally cor- 
related with the first two components. This sug- 
gested that the sum of the vegetative surfaces would 
be positively correlated with PC2, and a correlation 
of 0.76 was calculated. Further, the negative and 
positive correlation of tree and grass cover, respec- 

House +0.20 -0.46 -0.22 -0.08 
Road +0.01 -0.62 0.00 -0.04 
Concrete +0.27 -0.24 -0.15 -0.05 
Tree -0.47 +0.49 +0.01 +0.02 
Grass +0.19 +0.51 +0.18 +0.10 

tively, with PC1 and their positive correlation with 
PC2 indicated that these two variables were essen- 
tially orthogonal. This was confirmed by a calculated 
low correlation of - 0.13 between these two cover 
variables. It followed, therefore, that rotated com- 
ponents could represent a tree and a grass dimen- 
sion. 

An orthogonal varimax rotation was applied to the 
four-band Landsat reflectance data. This method of 
rotation is widely used (Nie et al., 1975) and defines 
a simple component as one with only ones and zeros 
in the columns. The rotated matrix of the normal- 
ized scores is given in Table 3. It should be noted 
that the rotated PC1 will no longer contribute to 
the maximum variance. Rotated components are 
given the symbol PRi, i = 1 to 4. 

A quite different data structure has resulted, with 
the first component being strongly dependent on 
the visible reflectance or visible brightness, the 
second on the infrared brightness, while the third 
and fourth rotated components have a similar struc- 
ture to the unrotated components (see Table 1). 

The correlation matrix of rotated components 
with all cover variables is given in Table 4. An ad- 
ditional cover variable is included-Green-which 
represents the surface percentage covered by veg- 
etative material (i. e. ,  grass plus tree percentage 
cover). 

Tree cover percentage was calculated to have a 
correlation of - 0.66 with PR1, and grass cover per- 
centage was calculated to have a correlation of 0.52 
with PR2. The first rotated component was, there- 
fore, considered to represent a tree cover dimension 
and the second rotated component a grass cover di- 
mension. The sum of the vegetative surfaces was 
found to be equally correlated with PR1 and PR2, 
with correlations of -0.58 and 0.50, respectively., 
The total vegetative cover could, therefore, be rep- 

House 0.42 -0.25 0.21 0.15 
Road 0.37 -0.50 0.01 0.06 
Concrete 0.34 -0.03 0.15 0.11 
Tree - 0.66 0.12 -0.03 -0.08 
Grass - 0.13 0.52 -0.16 -0.14 
GREEN -0.58 0.50 -0.15 -0.16 



PRINCIPLE AND ROTATED COMPONENT ANALYSIS 

APR l 4 pR1 

4 0 .  

30. 

0 

10. 

OTREE 
C - PR 2 

I 
0 

10 2 0  30 4 0  5 0  PR 
FIG. 2. Schematic relationship between various urban 

1 FIG. 1. Location of various residential cover surfaces in residential cover types with respect to rotated components 
the rotated PR1 and PR2 system. PR1 and PR2. 

resented by an axis at approximately 45" to the or- 
thogonal negative direction of PR1 and the positive 
direction of PR2. That is, ((PR2) + ( -  PR1)) should 
be highly correlated with total vegetative cover, 
showing that this direction parallels the original 
PC2. A correlation coefficient of 0.76 was deter- 
mined, which is the same as previously calculated 
for PC2 and vegetative cover percentage. 

Using the scores of Table 3 as weighing coefi- 
cients and substituting a calculated 100 percent re- 
flectance value for each cover (Forster, 1981), the 
coordinates of each cover in the rotated system were 
determined. These values are plotted in Figure 1. 
It can be seen that house percentage cover repre- 
sents the reflectance of an average non-vegetative 
surface and that the 100 percent non-vegetative sur- 
face reflectances define an axis approximately at 
right angles to the green dimension, previously 
mentioned, and approximately parallel to a line de- 
fining the 100 percent vegetative surfaces. Concrete 
cover lies at one end of this axis and road cover at 
the opposite end. All of these relationships are 
shown schematically in Figure 2. 

Research into the application of principal com- 
ponent analysis and rotated components to urban 
studies is being continued, and further extended to 
multi-temporal scene analysis of land-use change, 
and to Landsat Thematic Mapper data from urban 
areas (Forster, 1984). 
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