
Introduction

The EPA has compiled a large body of ecological data

regarding a five state subsection of the United States

(Jones et al. 1998). The five states are Delaware, Mary-

land, Pennsylvania, Virginia and West Virginia, as well

as the District of Columbia. The region is also partitioned

into 114 major watersheds, which are used as spatial units

for the data. This paper examines the watershed indicator

data that were compiled to assess the region. This is a list

of 33 indicators, each a measure of the health of the wa-

tershed. Values of these 33 indicators are available for

each of the 114 watersheds (Jones et al. 1998, Table A1,

pp. 96-101; this table can also be found at http://

www.epa.gov/maia/html/la-tablea1.html). The indicator

names are abbreviated in Table A1. The appendix lists the

full names of the indicators and gives a brief description

of each (see the Ecological Assessment Atlas for full de-

tails).

Each indicator was then divided into quintile ranks,

which represent 20% divisions in the data. The top 20%

of the watersheds for each indicator were given a rank of

1, the next 20% a rank of 2, and so on down to the bottom

20% being given a rank of 5. Based on the indicator

ranks, we would like to determine which watersheds are

the healthiest, and which are in the most need of assis-

tance. In order to do this, we are not limited to looking at

the quintiles, but we can also divide the raw data into sep-

tiles (divisions of seven) and nine-tiles (divisions of nine).

We will attempt to assess the watersheds using these di-

visions as well.

The indicators have not been weighted in any manner.

Therefore, each indicator has the same value as every

other indicator. We are not trying to assess the data based

on what we think is the most important indicator of the

health of a watershed, but rather by collecting multiple

indicators for each watershed and assessing the water-

sheds based on the equal importance of these indicators.

A major purpose of this paper is to present approaches and

the graphics for comparison and prioritization based on

watershed percentiles.

Analysis

We begin with the raw data that are listed in Jones et

al. (1998). The data have already been divided into quin-

tile ranks. We have also divided the data into septile and

nine-tile ranks. Each septile represents 14.29% of the wa-
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tersheds for that particular indicator, with the top seventh

receiving a rank of one and so on down to the worst sev-

enth receiving a rank of seven. Similarly, the top nine-tile

represents the best 11.11% of the watersheds for that in-

dicator.

Our next step is to find the cumulative distributions of

the different ranks for each watershed. We will use these

distribution functions as overall assessments of the qual-

ity or ‘health’ of the corresponding watersheds. We want

to find the cumulative distributions for all three ranking

options: quintiles, septiles, and nine-tiles. Once we have

found the cumulative functions, we can get a brief over-

view of them by looking at the plots of these functions.

If we were to look at the plots for the cumulative dis-

tribution functions of all 114 watersheds (Figure 1), we

would notice that as the number of ranks increases, so

does the spread of the graph. If you look at the picture for

the quintiles, you notice that it is much more compact than

the septile graph, which in turn is more compact than the

nine-tile graph. What we would like to know is if there is

an effect on comparisons of individual watersheds based

on this variability.

Now that we have the cumulative distribution func-

tions, we will proceed by taking the sum of the values of

the cumulative distribution function at each of the ranks.

Thus, for quintiles:

Σ [F(x)] = F(1) +F(2)+F(3)+F(4) + F(5);

septiles:

Σ [F(x)] = F(1) + F(2) + F(3) + F(4) + F(5) + F(6) + F(7);

and nine-tiles:

Σ [F(x)] = F(1) + F(2) + F(3) + F(4) + F(5) + F(6) + F(7)

+ F(8) + F(9).

We refer to each of these sums as a CDF-index value.

Larger CDF-index values indicate better watershed

health. This is the case because a watershed with a large

number of rank 1 scores will have a larger CDF-index

value than a watershed with a small number of rank 1

scores. Alternatively, the CDF-index (minus 0.5) equals

the area under the graph of the CDF in Figure 1, and

higher graphs indicate better health. Thus, the CDF-in-

dex provides an objective way of combining multiple in-

dicators into a single composite index of watershed

health. After calculating the CDF-index values for each

watershed, we have picked out the top ten, the middle ten,

and the bottom ten watersheds for each of the ranking op-

tions. These values are listed in Tables 2 – 4:
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We can also look at the cumulative distribution func-

tions of the top, middle, and bottom ten watersheds in the

quintile analysis (Figures 2a-c). The solid lines represent

the top, middle and bottom ten quintiles, and the dotted

lines represent watersheds that appeared in the top, mid-

dle or bottom ten under the septiles or nine-tiles analysis

but not appear under the quintile analysis.

There is a great deal of agreement across the three

grouping options in identifying the watersheds the top ten,

middle ten, and bottom ten watersheds. Nine of the top

ten watersheds appeared in all three lists, six appeared in

all three lists for the middle ten, and eight appeared in all

three lists for the bottom ten.

We can also look at the graphs of the cumulative dis-

tributions for two of the top ten, two of the middle ten, and

two of the bottom ten watersheds plotted against their

scaled ranks and superimposed on top of each other.

These are presented in Figures 3a-f.

In these figures, the solid lines represent the cumula-

tive distributions for the raw ranks, with each indicator

being ranked on a scale of 1-114, with the best value for

that indicator receiving a one, and down to the worst re-

ceiving a 114. The scaled ranks are the rank values scaled

using the transformation 1/N, with N equal to the number

of ranks in that grouping option. From these distribu-

tions, we can see that the ranked distribution functions are

very similar to the raw rank distribution functions, which

would indicate that little information is lost by choosing

one of the grouping options.

Finally, we can examine scatterplots of the CDF-in-

dex values. In these plots, we have transformed the sums

listed in the tables above, again using the transformation

1/N, with N again representing the number of ranks within

that ranking option. We plotted the scaled quintile sums

against both the scaled septile sums and the scaled nine-

tile sums. Included in the plots were the watersheds that

appeared in any of the top, middle or bottom ten lists in

Table 1. The plots are shown in Figure 4.

We also produced a parallel coordinates plot (Weg-

man 1990) showing CDF-index values versus grouping

method (Figure 5).
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In the parallel coordinates plot, the variables are plot-

ted parallel to one another, rather than the orthogonal

plots that consist of the x and y axes. This is another way

to visually recognize patterns that appear in the data. Us-

ing the quintile, septile and nine-tile CDF-indices, the wa-

tersheds that appeared in the top ten, bottom ten, and mid-

dle ten lists remain in those groupings, with no

intersection of watersheds from one group with another.

There are also a minimal number of intersections within

the groups.

We have also produced triangular scatter plots show-

ing concordance among the three grouping methods

(quintiles, septiles, and nine-tiles). Each watershed has

three CDF-index values corresponding to the three group-

ing methods. These are first scaled to range between 0

and 1, giving x, y, z as the scaled CDF-index values. The

triangular coordinates of x, y, z are

p� = x/(x+y+z)

p� = y/(x+y+z)

p� = z/(x+y+z)
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The (p�, p�, p�) can be represented as points in an equi-

lateral triangle, giving a triangular scatter plot. Disper-

sion about the centroid of the triangle indicates a lack of

concordance among the three grouping methods. These

plots, along with an example of a typical watershed, can

be seen in Figure 6.

In Figures 4ab, the best watersheds will have points

plotted in the upper right-hand corner, while those with

the worst will have points plotted in the lower left hand

corner. The scales have been adjusted to better see the

data points. There is a strong positive correlation indicat-

ing that the better the score in the quintile analysis, the

better the score in the septile and nine-tile analysis.

As these figures indicate, there is almost no variation

in the watersheds chosen for the top ten, the middle ten,

and the bottom ten due to a change in the grouping option.

We do notice two watersheds that appear to be outliers in

all three graphs, and they are both among the bottom ten

watersheds. These were watershed #2040202, which ap-

peared in the bottom ten quintiles and not the other two
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groupings, and watershed #2040201, which appeared in

the bottom ten septile and nine-tile groupings but not the

quintiles.

Conclusions

Jones et al. (1997) present the raw data in a way that

is more comprehensible and manageable for analysis and

interpretation. It is done by breaking the data into quin-

tiles. It appears easier, however, to see comparisons, and

interpret the data, by using the rank values rather than the

raw data, which are often “soft” in any case. By using the

quintile ranks instead of the raw indicators, we have val-

ues that are on a common scale with a common direction-

ality (rank 1 is always the best).

A major concern in using ranks is potential informa-

tion loss. We have shown that the watershed comparisons

are quite robust to changes in the grouping options.
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