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MS Alamos, NM 87S4S

Abstract

This paper presents computer grsphics which t:re useful for displaying and
analyzing data. Many classical and several newly developed graphical techniques in
statistical data analysis are presented for small univariate and uultivariate data
sets. These include histograms, empirical density functions, pie charts, contour
plots, a discriminant analysis display, cluster analysis, Chernoff “faces”,
Andrews’ sine curves, three-dimensional plots, and probability plots.

Recent advances in data collection technology and computer data base management
systems have made it imperative to utilize computer graphics for large data sets.
Several innovative graphical techniques are presented to handle this situation.

Spatial relationships among the data (particularly geographic data) are diffi-
cult to conceptualize. Several cartographic techniques are presented which enhance
the understanding of these spatial relationships within the data.



1. I!4T’ROWCTIOS

llse Energy Systems and Statistics G. up at the
Los Alamos Scientific L&Oratory (LASL) is involved
in several projects with energy-related data. Some of
these projects have small univariate or muItivariate
data sets, while others have large data sets bdsich
require data management systems for efficient data
manipulation. A statistically-oriented grtphics
psckage is presently under development; numerous
modules have been completed. The purpose of this
package is to provide graphical techniques for the
initial rxasnination of the data. This paper uses
data from several projects to demonstrate some of
these techniques.

In Section 2, we discuss grssphical methods useful
for ● pre:iainary analysis of smll data !wts. In
Section 3, graphical tcchzi+cs khich are appropriate
for large data sets are presented. Finally, spatial
relationships in geographic data sets are expiored in
Section 4. Throughout this paper, examples of com-
puter graphics arc used to illustrate the techniques.
(The 35-mm color slides of computer-~enerated graphics
shows at the conference are reproduced in 151ack and
white for this paper.)

II. PRELIi!INARYDATA/4X4LYSISOF SMALLWIVARIATE
ANDMJLTIVARIATEDATASETS

Computer gr~phics for a preliminary raw data
analysis may inciuie histograms, empirical distribut-
ion function plots and probability plots. The data
used in thi: section was collcctcd on 17 variables
for each of the 50 states plus the Distiict of Colum-
bia. ‘he variables and thc!r means and standard
deviations are listed in Table I. Of particular
interest is the average household BTU consumption per
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Cspttl (lWW). The histogr- in Figure 1 -s that
the ●ssuqtion Of SJomaiity My be questionable. Two
~rsphical tests of normality are show in Figures 2
and 3. thte test uses Liiliefors’ test ststistic; the
other uses a test statistic developed by khrdin~.
in the former, the normality assuaptim is tested by
placing (1+100S confidence bounds on theqiricsl
distribution function (edf). The nosul -Iative
distrilxmion function (calf) with nean and variance
●sthated by the sample WSSI and sample varianco is
plotted. If the cdf fails mtside the bowids placed
m the ●df, the ●ssmption of nosuiity is njected
%t the a level of significance. In the latter,
thettornlity ●ssumption is testsd byplacint (1-o)100\
confidence bounds on the nosnal cdf uith DSan and
variance esthat~ by the ssqle -an and sample
vsriance. If theedf falls outside the bounds placed
on the calf, the ●ssumption ofnormolity is rejected
●t a level of significance, In neither test is nor-
rnlity rejected at the 9S$ level of significance. A
normal probability plot and ● lognormsl probability
plot, t- ●dditional graphical techniques which may
give further insight to the structure of the data.
are given ifi Figures 4 and S.
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To describe the joint rclati~ship of WIJTU to
26 other vrnriablcs (includins transiorwltions of sotse
@f the variablss), a iinear ault iplr stepbisc ngres-
sion procedure is used. Seventy-five percent of the
VStienceis ●ce-ted for by the variables dc~rw dsys
(OECO) snd percent urban popuiat ion WWtB). The
eqmtion of tiw fitted linear wltiple regression

22.1SS ● 8.6S7 X2 ~ + 0.S28 Xs, i

12● ,***S
.
IS(BTUfor the i th state (z ●xis)

IEm for the i th state (x sxis)

POJRBfor the i th state (y axis).

Figusw 6 shous a three dimensional graphica? represen-
tation tiers the fitted plane and the dat. points sra
plotted. Lines ●re drakn froo the data wints to
the surface to give sons indication of the deviations.
ln a nonlinear regression snalysis, the equation of
the fitted modal is

(X:i)“1374*w(?-jYi = 33.8ss 77.607 k

here i = 1,2,...,s1

yi .HI@W for the i th state (z axis)

x, ~ = DSGDfor the i th stste (x axis)
-s

x3,i ● UAXT(maximum temperature) for the i th
state (y axis).

‘l?te fit of the data to the surface is shown in Figure
7. The two extreme points are Alaska and Hawaii.

Several techniques are available for displaying
multivariate data. We first dis:uss a gray-level
mded correlation matrix which displays the pair-
uise correlations between variables. The gray level
scale ranges from positive to zero to negative cor-
relations. Frequently, such a display may be useiul
in directing attention to interesting variable

Figure 6



Figure 7

relationship*. 1ss Figure 8, note that lCiBTt’IS posi-
tively correlated with DEGD,LAT, GUMS, NEDIS, ●sd
AVEIN, negatively correlated sith :LUT, PCAtR, L9WIN,
SINGLE, ●nd SE!J{S, and net correlated with PDP, IVt2!l,
(t~P, KURD, CCNLand WNG.
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Figure 8

technique called Andrcws’ sine curves
uses the standardi:cd data as coefficients of is func-
tion involving sines and cosines of t in the range
(-tr,n). A function involvind the i7 variables wiIs
plotted for eacl~ of the 50 states PIUS the District of
Columbia to visuolly cluster simii~r states. kela-
tivcly tight hinds suggest clusters. h!wn the origi-
nal data arc usc’d, it is wry difficult to separate
clusters as SIIOWIin Figure 9. Ilokcvcr, a plGL of the
factor coefficients i“rom a principal components analy-
sis in Figure 10 shows three possible clusters of
states.

Auscful tcchniquc in anal?:ing multivariate data
is principal cn-ponl’nts. ~fs ;Wintd out in ref. 9,
the first fc~ JrlJ 1“’st f~~ l)rln~li’:il Cowmcnts arc
the ones of primnry itltc’rc’st. }’lrurc 11 Is t}Ic plot
of component 1 v;’rsus cmponcnt 3. This plot reveals
that Alaska, 11.~h:lli, California, Id Scw York arc
possible abcrr+ln’ ohscrv;)t]on<.
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Figures 13, 14 and 1S show the so-called Chemoff
fsces for ti c SO states plus the District of Coltmbia.
W’e, ● facial characteristic is ●ssociated with ●

variable as indicated in Table 11. For exampie, wi&
noses correspond to large single populations ●nd long
noses correspond to large populations. The faces for
New York ●nd Califoi.\ia arc striking becattse of this
feature. Sisilarly, Alaska has a wide face because
of the large IIMBTUconsumption per caFita, dtereas
Nauaii has a thin face.

?UM Charbrtcristic

1. focc WA4th

2. Brom L.msth

3. ?ate HcI&ht

4. g~ Srparali-

S. *i] ?osition

6. tie Length

7. SoSe Width

M. Far Diawtcr

2. Em Levrl

10. tbth length

11. Ew SlkM

12. lbuth Curvature

1S. rknh LCVCl
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111. t*4a MTAsm

Iadat* analysis msnyof the mmsin~problems
can ke ●ttributed to ths data itself=-pethaps inac-
curate, ●iming, tw little, ●nd recently too much.
Ibese isrte 4s;s sets not only creste ● treomdous
stwa~ problca, but chalienge coaputer graphics for
effuctive display techniques.

TM ●nslyleJ cm’.ik#h@md*@l with Nationsl
Urania Resource Evaluation (NW) dsta. nt objet.
tiva of this natton~ide ●irborne and s:.re>m sediment
reC0nnai59swWc survey is to cias!ify regtms with
respect to their potentisl nincratizatiom. For ●x-
~le, in the stream sediaent survey, !&L, MSjyZCS

the data fron five stares: ttyoming, Colorado, Nontana,

New t&xico ●d Ala>ka. In the second year of a five-
year study, LA$i, data bases already contain seven
million Uords. Graphical techniques presented here
include scattergrwss, 3-D and 2-D density plots, a
linear discritsinant ●nalysis dispioy, contour naps,
and moving wind-s.

Figure 16 is a scattergram of Ms-th vs. thal-
ii- for all geological fonaa:ions on one asp line in
the Lubbock-Plainvick area in ‘Texas. The data in the
lower left-hand comer represent recent geological
formations and most of the fomations follou a linear
trend except for the data on the right-hand side of
the p!ot uhcre T1 bccomcs constant ~ith Bi increasing.
These data belong to :Mo cider forumtio:s with known
uranium tsincral~:ation. Figure 17 shows data for one
geologic formation. !icattergrams such as this onc
are useful in identifying clusters representing mis-
classified geological formations data.
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The probability distributions of certain random
variables such as thallium signals over a given geo-
logical formation of a flight line arc thought to in-
dicate uranium concentration. A technique for com-
puting an empirical density function (edf) used to
estimate a probability density function has been
developed. Is many as 100 of these densities, each
representin~ a map line or transect, can bc displayed
simultaneously as shown in Figure 18. Since some of
!he edfs moy be visually ob~curcd by other edfs, the
~-D plots have been c~mpressed into a 2-D grid plsnc
in a lightness-darkness plot show in Figure 19.

Figure 20 shows a linear discriminant analysis
d.splayed as a gray-level matrix useful in delin-
eating between favorable and unfavorable regions of
uranium mineralization. Each square represents ldO
records (i.e., 100 second: of gamma-ray signals on a
map line) in the Lubbock are:. The 23 row’s represent
23 map lines. There are eight gray levels which are
linearly spaced from light to dark over the interval
[0,1]. Tt.e lighter shades represent low probability
of favorable uranium mineralization while darker
shades represent high probability of favorable
uranium mincrali:at~on.

Contour maps of the Lubbock-Plainvicw area also
indicate regions where the probability of finding
uranium is high. An example is showm in Figure 21.
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Figure 22 show a mrthod for detecting clusters
of bismuth anomolics. The map of the avmtolics in the
l.ut$c~k area represents a Z-i) Poisson pi.ccss. A rec-
tangular moving window 6 miles wide and 8.S miles (or
3 map lines) high is used to identify clusters contain-
ing, 6, and 7 or more anomolies at a specified prob-
ability level.

Fimrcs 16-22 represent different wnvs of
displaying data analysis techniques. It is interesting
to compare these displays as to whether they indicate
the same favorable areas of potential mineralization.
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Figure 22

IV. CARTOGRAPHICDATASETS

klaps arc very useful in displaying and communi-
cating information contained in data with. spatial/
geographic relationships. The figures shown are
applications of cartographic techniques and have been
extracted from various on-going projects.

Figure 23 summarizes U.S. offshore oil and gas
lease data from Octobor 1954 - Xovcmber 1976. The
number of leases, the leasing years, the acreage and
the producing acres through 1974 are given for indi-
vidual statc!i and rc~ions as WC1l as totals for all
the leases. Of the total 2,2b0,000 producing acres,
Louisiana has 2,116,000 acres and Texas has 11S,000
acres.

Figures J’1 - M are for a study of the impacts
of electric pohcr generation in the h’est. The loca-
tion of cxistin~ and proposed power plants by type
for the h’cstern and Rocky Nountain regions me shown
in Figure ?1. The letters rcprcscnt the type of
plant, i.e., cotil, oil, ~iis and nuclear. The size
of the letters indicate three lcvcls of powr genera-
tion: small, 50()-9!l!J WC, medium, 1000-1!W9 We, and
large, 20UO+ !Kc. The Los AJV;ulcs ilnd Si’In Fr:lncisco
areas hfivc a number oi” oil-fir~’d plants and these
areas arc siml,ly shaded. }.i~.urcs ~~ and 20 are maps
to study pollutlnn dispersion pottcrns, l-i~urc :5
show SO, c~ll~t’tlt rflt lt~n it] s~luthkcst Wining for 198S
with polluti(m cunto~lrs ~r~lhn l,vor.v 0.25 i ;:/m ,
Figure :f, sliohs cl)in}:c~ in Icnj:tll of 1i !“0 dllt, to pollu-
tion in dilys pcr pcrs(m. Simi Llr }~r;il)hiuill displiIys



were done for exposure to suspcnki particulatcs,
additional restricted activity days duc to pollution
and annual morbidity costs pcr pcrwn a,ld pcr town.

I
IIL 7Q

~& :m~ OFFSHOREOIL_ASOGAS LE~
PA O

w 13. :954 -NOV. 16, 1~

N

PA 2,116K PA O

Figure 23

WSCCPOWER PLASTS

.

Figure 24

S02 ?OSCESTRATIOS IN SW ~YOMING, 1985.



CHANCE IN LENGTHOF LIFE

Figure 26

Computer-generated images aid in the study of
the effect of various contaminants on visibility.
Photographs of landscapes have been digitited on a
microdensitometer in wavele~~gths corresponding to
red, blue and green light. Data on transmitted and
total radiation are calculated and converted to equi-
valent densities using a plume visibility code. The
densities are superimposed on the image to fmnthe
pollution cloud. The color and extent of the c!oud
are determined by the type af pollutant, different
control technologies and varying meteorological
conditions.

Figures 27 - 29 are from solar feasibilit)- stud-
ies. The first map shows heating degree days which
is the average of the high and low temperatures sub-
tracted from a 6S” base temperature for the 48 con-
tiguous states. Simply, the colder the climate, the
higher the number of heating degree days. Contrast
Florida with 214 and Maine with 7511. The second
map shows 1977 residential gas prices in dollars per
thousand cubic feet by state. Gas is generally
cheaper in the southern, central and Rocky Mountain
regions. Note that Maine has higher prices than
nearby Vermont and New Hampshire. Figure 29 shows
the pattern of economic feasibility for domestic
hot water under incentives provided by the National
Energy Plan of April 1977 and the House Modification
of that plan.

Heating Degree Days

Ck

.w’’”JA-f---Ez5 1

kY2kr6Ll-rs-

u v

Figure 27



1977 RESIDENTIAL GAS PRICES
DOLLARS PER MCF

murlIm Ezz Ess Bln
f.$7-l.74 1.75-2.24 2.25-2.99 3.00-3.99 4.00-4.49

Figure 28

SOLAR FEASIBILITY - DOMESTIC HOT WATER
ALTERNATIVE SYSTEM - ELECTRIC RESISTANCE

w/o

10 YEAR LIFE CYCLE COSTING

I=a mum eaulnlnm
incentives w/ House incentives w/ NEP incentives

Figure 29

Figures 30 - 37 are maps displaying energy-..- -.
related data frum the regional studies program.
Figure 30 show~ the five coal export-import regions
and Figure 31 is a flow map for the export of Rocky
Mountain coal. The circle represents the within
region total and the thickness of the arrows repre-
sents relative amounts of export to the other four
regions. Bar charts and pie charts are useful in
displaying energy totals for regions or states. Pro-
duction, consumption,, export and negative export
(import) figures are displayed in Figures 32 and 53
using shaded bars. Figure 34 uscs varying sized
circles to indicate production lCVCIS by region.
Sections of a circle arc shaded differently to indi-
cate coal, oil and natural gas, hydro, nuclear and
other and uranium production. Figure 35 shows county
air quality maintenance area data for the Rocky
Mountain region. An interactive composite geo-
information mapping systcm known as GMAPSprovides
imp dtita on such items as wilderness areas, ecosystem
trends, locations of natural resources, etc. for
selcctcd regions in the U.S. Figure 36 shows types
of coal fields and Figure 37 is a composite of coal
fields with oil shale basins in the Rocky Nountain
region.
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(~nj\,.-.-.<.\
‘\. :-, -.+4L -“’’1’(

‘{. [“ “J

~ PRODUCTION : consumption ~fxpORTS

I’igurc 3.’



~pROOUCTION mCONSUMPTiON mExpoftTs

Fi~ure 33

1975 REGIONAL ENERGY PRODUCTION
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Figure %

Figure 37

v. SUMWWY

The computer-generated graphic products de-
scribed in this paper represent a variety of tech-
niques for displaying and analyzing small univariate
and mul:ivariate data sets, large data sets and car-
tographic data sets. Computer graphics arc useful
toois for communicating information efficiently and
effectively.
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