


We next use the performance measure of computing the 
correlation of the ranking of the six watersheds using Level I data 
and the ranking using Level III data for the different schemes of 
Level III indicators.  We include the correlations and the p-value 
between the Level I rankings and the Poset rankings of all three 
Level III indicators, denoted as full, and the two biological 
indicators, denoted as biological.  The results (correlations and p-
values) are in Tables 14 and 15.         

Table 14–Performance correlations of Level I indices with 
Level III schemes 

Scheme  Concordance LI 
#1 0.771 0.6 
#2 0.886 0.943 
#3 0.029 0.086 
#4a/4b 0.829 0.714 
#4c 0.943 0.886 
#5a 0.943 0.886 
#5b 1 0.943 
#5c 0.943 1 
Poset (full) 0.812 0.638 
Poset (bio indicators) 0.829 0.714 

For the Level III schemes that include the two biological 
indicators, both the Level I concordance index as well as the 
Landscape Index perform fairly well.  It appears that much like 
the Level II indices, the Level I indices perform better when the 
fish IBI (scheme 2) is used as the Level III standard as opposed to 
the benthic IBI (scheme 1).  The Landscape index performs better 
than the data based index for scheme 2, but not in scheme 1.  
When both biological indicators are included in the index as in 
schemes 4a/4b/4c, the data based index performs better than the 
Landscape index.  Both indices have higher performance for 
scheme 4c as compared to 4a/4b, and this is not surprising 
because 4c give 2/3 weight to the Fish IBI indicator.   

Table 15–Performance p-values of Level I indices with Level 
III schemes 

Scheme  Concordance LI 
#1 0.072 0.0208 
#2 0.019 0.005 
#3 0.957 0.872 
#4a/4b 0.042 0.111 
#4c 0.005 0.019 
#5a 0.005 0.019 
#5b 0 0.005 
#5c 0.005 0 
Poset (full) 0.05 0.173 
Poset (bio indicators) 0.042 0.111 

When increasing amounts of NO3 are included along with equal 
weight of biological indicators in the Level III index, as in scheme 
5a/5b/5c, both the Landscape index as well as the data based 
index actually perform even better than the level III schemes that 
include only biological indicators. A weight of 0.2 of NO3 
(scheme 5b) results in the exact same rankings for both the data 
based index and the Level III index, and thus a performance of 1.  
The same thing happens for the Landscape Index with scheme 5c, 
while the performance of the data based index drops slightly.  
This phenomenon is different than the Level II indices where the 

data based index performed slightly better as an increasing weight 
of NO3 was added, while the investigator based SWR performed 
worse.  Since all the indices do very poorly when NO3 is the Level 
III scheme (as in scheme 3), this trend is only valid as long as the 
weight of NO3 remains minimal, while if the weight of NO3 is too 
large, the performance will undoubtedly become worse. 

The Level I data based indices also perform better than the 
Landscape index when the Level III scheme is the Poset ranking, 
whether or not NO3 is included.  The data based indicators yield 
significant correlations with p-values of equal of less than 0.05, 
with the Level III Poset rankings, while the correlations for the 
Landscape Index are not significant with p-values greater than 
0.10.   Both indices also perform better without the NO3 indicator.   

Since we have verified that the Level II SWR and the index 
derived from the data based concordance method perform well in 
predicting Level III, we would like to see how well the Level I 
data based indices and the Landscape Index compares with both 
SWR and the concordance method.  We would also like to 
observe if there are any differences between the data based 
methods for Level I.  Since we have rankings for all 21 
watersheds (see Table 18), and not just for six, we find the 
correlation between the ranks for all 21 watersheds.  The results 
(correlation and p-values) are shown below in Tables 16 and 17. 

Table 16–Correlations of the rankings of the Level II indices 
and Level I indices 

 SWR Concordance 
Landscape Index 0.349 0.461 
Concordance 0.325 0.434 

Table 17–P-values of the rankings of the Level II indices and 
Level I indices 

 SWR Concordance 
Landscape Index 0.121 0.035 
Concordance 0.151 0.049 

Among Level I data based indices, the correlations with both the 
Level II SWR and concordance indices are very similar.  The 
Landscape Index has slightly higher correlations with both the 
Level II indices.  The Level I indices have higher correlations 
with the concordance index than SWR, and the correlations with 
the concordance method are significant with p-values less than 
0.05, while the correlations with SWR are not significant.   

4. CONCLUSIONS 
We have explained POSAC, a very important and useful method 
of dimension reduction, which reduces the data to two latent order 
variables. One can compute loadings of the indicators using the 
concordance method for both of the LOVs, which in turn 
computes a set of weights for the indicators.  These weights are 
completely determined by the data, without expert intervention.   

We have identified a performance criterion to measure how well a 
Level II index will predict the true (Level III) rankings of the 
watersheds. The performance measure simply is the correlation 
between the rankings of the six selected watersheds derived by 
Level II index, and the ranking using the Level III data.  From this 
measure we understand whether the rankings of the Level II index 
are a good approximation for the true rankings.  If so, then we can 
use the rankings from that index rather than collect time 
consuming and expensive Level III data.             
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The SWR index of Level II indicators, determined by expert 
investigators, appears to approximate the two Level III biological 
indicators fairly well.  The correlation of the rankings derived 
from the SWR index and from the Level III biological indicators 
are high, and except for scheme 1, where the benthic IBI indicator 
is used as the Level III index, the correlations are significant. 

For the data based weighting scheme using the concordance 
method, we again used the above performance measure, and 
found that the concordance method performs quite well also.  

We considered the Level I indicators as well, to see if the 
surveillance based indicators could perform well enough to 
approximate the condition of the watershed.  We found that the 
data based Level I indices to be very similar to the rankings 
obtained from the Level III biological indicators.  We also found a 
significant correlation between rankings of the Level I indicators 
and the Level II concordance method, and a substantive 
correlation with the ranks from the SWR index using all 21 
watersheds that have data for the Level I and Level II indicators. 

From our analysis, it is clear that the Level I and Level II 
indicators do a good job of approximating the biological Level III 
indicators.  When biological indicators alone are considered, the 
correlation between the Level II and Level I rankings and the  

Level III rankings are quite high.  This observation holds for both 
the investigator based indices and the data based indices. For 
Level II, the concordance index performs nearly as well as the 
investigator based SWR, while for Level I, the concordance index 
actually performs better than the investigator based Landscape 
Index.     

 

Table 18- Rankings of all Watersheds using Level I and II 
 Watershed Level II  Level I  

  SWR Conc LI Conc 

1 Back River 19 20 21 21 

2 Cattail Creek 12 13 14 13 

3 Gwynn Falls 15 15 20 20 

4 Saint Mary's A 5 2 7 7 

5 Southeast Creek 7 9 13 14 

6 Upper Patuxent 4 5 10 11 

7 Ahoskie 18 18 4 4 

8 Buffalo Creek 11 12 11 10 

9 Chickahominy 14 11 16 17 

10 Christian Creek 17 16 15 15 

11 Clearfield Creek 9 8 3 3 

12 Conodoguinet A 16 17 18 18 

13 Grindle Creek 20 19 6 6 

14 Little Contentne 6 4 8 8 

15 Mantua 3 6 19 19 

16 Middle Creek 13 14 9 9 

17 Middle River 21 21 17 16 

18 Pamunkey 10 3 5 5 

19 Repaupo 2 7 12 12 

20 White Deer Creek 1 1 1 1 

21 Wisconisco 8 10 2 2 

However, Level II and Level I indicators represent the chemical 
indicator, the amount of NO3 very poorly.  The rankings of the 
watersheds using the Level I and II indices are effectively 
uncorrelated with the rankings of the watersheds using NO3.  
When the NO3 indicator is given a low weight, the Level II and 
Level I indicators are robust to a small amount of NO3, but the 
ranking of the objects change slightly.  The inclusion of a small 
weight of NO3 changes the order of quality of the indices. 
Increasing the weight of NO3 appears to result in the Level II 
concordance index outperforming the SWR index, and the Level I 
Landscape Index outperforming the Level I concordance index, 
while giving zero weight to NO3 results in the opposite orientation 
in the comparison of the performance of the two indices.  

In Table 18, the rankings of all 21 watersheds are listed using 
Level I and II indices.  While there appears to be some general 
agreement among some watersheds between Level II and Level I 
rankings, there are also substantial differences.        

As long as we are interested primarily in the biological condition 
of the watersheds, it would be advisable to use the Level II or 
even the Level I indices to estimate the true ranking of the 21 
watersheds, which will save much time and effort for the 
scientists, and money from the government funding agencies.  The 
determination of these rankings will help government agencies 
select the watersheds that are in good health and should be 
preserved, and the watersheds that are in poor health and are 
candidates for restoration at minimal cost.        
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