
 
 
 
 
 
 
 
 

Introduction: 
Water quality  indicators are rarely significant in isolation, 
because constituents interact with one another in complex 
ways.  Representing multivariate data spatially is difficult, 
because few GIS platforms offer multivariate markers more 
advanced than the pie chart. 

The marker problem: 
The pie chart is a special case of the polar diagram, and is 
unfortunately not the most efficient way of communicating 
multivariate information. When changes in magnitude 
occur, the variables do not remain in the same radial 
position. Comparison between symbols is difficult, 
especially between multiple locations on a map. 

A solution: 
Fixed-angle polar diagrams express ratios in a more 
consistent way than pies, allowing the viewer to make 
comparisons at a glance without the additional cognitive 
load of changing angular positions. The example shown 
here, the Maucha diagram (Maucha 1932) expresses the 
complex interrelationship between up to eight ions in a 
compact notation. The information conveyed is comparable 
to that contained in the Piper ternary + diamond diagram. 

Method: 
Most GIS platforms provide a facility for drawing graphical 
shapes on a map. The generalised procedure is: 
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R script illustrating the principle of constructing a polar symbol at a point: 
Maucha<-function(scale, xscale, xm, ym, K, Na, Ca, Mg, SO4, Cl, HCO3, CO3, 
label){ 
  colours<-c("yellow2","purple","black","cyan","green","blue","grey","red") 
  mlabels<-c("Na","K","x","TAL","Cl","SO4","Mg","Ca") 
  #ion <- c(K, Na, Ca, Mg, SO4, Cl, HCO3, CO3) 
  ion <-c (Na, K, CO3, HCO3, Cl, SO4, Mg, Ca) 
  anions  <- SO4 + Cl + HCO3 + CO3 
  cations <- K + Na + Ca + Mg 
  total.ions <- cations + anions 
  ps <- total.ions * scale 
  sectorAngle <- 360 / 16 
  # A <- log10(ps) 
  A <- ps 
  sector <- sectorAngle * ( pi / 180 ) 
  R <- ( (A / 16) *2 / sin(sector) ) ^ 0.5 
  circleSector <- sector / 4 
  # Plot circle 
  x.circ<-array(1:64) 
  y.circ<-array(1:64) 
  for (i in 1:64 ) { 
    x.circ[i] <- R * cos(circleSector*i) * xscale 
    y.circ[i] <- R * sin(circleSector*i) 
  } 
  x.circ <- x.circ + xm 
  y.circ <- y.circ + ym 
  polygon( x.circ, y.circ, col="white", border="grey80", lwd=0.2 ) 
  # Plot Maucha symbol 
  count <- 1 
  for (i in 1:8 ) { # construct the kites, one for each variable 
    ion.conc <- ion[i] 
    Ai <- ion.conc / total.ions * A 
    h <- count - 1 
    j <- count + 1 
    x.c <- R * cos(sector*h) * xscale 
    y.c <- R * sin(sector*h) 
    x.d <- R * cos(sector*j) * xscale 
    y.d <- R * sin(sector*j) 
    a <- Ai / ( R * sin(sector) ) 
    x.b <- a * cos(sector*count) * xscale 
    y.b <- a * sin(sector*count) 
    x.t <- 1.5 * max(a,R) * cos(sector*count) * xscale 
    y.t <- 1.5 * max(a,R) * sin(sector*count) 
    x <- c(0, x.d, x.b, x.c, 0) + xm 
    y <- c(0, y.d, y.b, y.c, 0) + ym 
    polygon( x, y, col=colours[[i]], border=NA ) 
    x.t<-x.t+xm 
    y.t<-y.t+ym 
    if(label) print(paste(x.t,y.t,label,mlabels[i])) 
    if(label) text(x.t,y.t,mlabels[i],cex=0.3) 
    count <- count + 2 
  } 
} 

For each point, read the major cation 
concentrations – potassium, sodium, 
calcium, magnesium – and anion 
concentrations – sulphate, chloride, 
bicarbonate and bicarbonate (the last 
two are frequently expressed as a single 
variable, total alkalinity). 

Convert the input data to 
milliequivalents per litre. 

For each ion, construct a radial shape 
made up of kite-shaped quadrilaterals, 
then offset it by xm, ym. 

Construct a bounding circle for the total solutes. 

Some platforms allow grouping of the 
symbol components into a single 
marker, which the user can shift, if 
necessary, to improve the final layout. 

Calculate the trigonometry as shown in 
the example code. Note the offsets, xm 
and ym, to draw the symbol at a point 
and the scaling factors, scale and 
xscale, for size and proportion. 

 
Maucha diagrams from sites in the Vaal River system, South Africa. 
Note how the ratios between variables are important, 
not the individual values. 
 
 
 
 
 
 
 
 
 
 
 
 
 

C1H012 upstream of major 
pollution sources 

C2H140 downstream of acid mine 
drainage and urban effluent sources 

Log transformation to constrain marker size 

The river systems of southern Gauteng Province, South Africa, with Maucha ionic diagrams showing as blue spikes 
the sulphate from mine drainage that has been in contact with pyrites. Generated in ArcGIS 9.2 using VBA. Each 
symbol is a set of grouped polygons and the user can arrange them using the arrow keys on the keyboard. 

Multivariate symbols such as 
the Maucha diagram are 
powerful tools for analysing 
point data sets in a spatial 
context. The radial diagram 
with fixed angular alignment 
of each variable is more 
consistent than the 
unconstrained pie diagram 
and makes better use of the 
human visual system’s ability 
to detect angular 
displacement quickly and 
accurately. The symbol 
combines the ‘pop-out’ visual 
cues of angle, colour and size 
that trigger an automatic 
response in the visual cortex 
(Ware, 2008). 

Selected References: 
Maucha, R. 1932 Hydrochemische Methoden in der Limnologie XII, pages 1-173. Schweizerbart, Stuttgart. 
Schnabel, O. 2009 http://www.carto.net/schnabel/mapsymbolbrewer/ 
Ware, C. 2008 Visual Thinking: for Design. Morgan Kaufmann. 
 
See also: 
www.riv.co.za/wv  and www.dwa.gov.za/iwqs 

Input data in milliEquivalents 

In order to help spatial analysts present point 
data more meaningfully, GIS system developers 
need to build a comprehensive multivariate 
symbol toolset into their charting options. This is 
not difficult, and elegant examples exist on the 
Internet (e.g. Schnabel, 2009). The availability of 
such options would lift much of the burden of 
customisation from the individual user.  
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