Kim Crawford’s Notes for regional N data

The following is an initial assessment of Regional N database as received September 23,2009  from Terry Lee of Olmsted County. For many wells, NO3_N values are considered non-detects.  Although all measurements may not necessarily represent the same detection limit, an arbitrary level is assigned as <.1 mg/l for statistical analysis purposes.  All non-detects are then “carried” in the database as 0.0999 mg/l.  This replacement ( arbitrary censoring) is not intended to imply that any or all non-detects are this value, but simply that some number must be used for statistical calculation purposes. Any arbitrary replacement value from 0 to 0.1 would obviously affect the mean and/or variance of the data distribution(s). A geometric mean is calculated from the 3 rounds for each well.  Where a well has all or some non-detects, this will result in an artificial/arbitrary geomeans value.   Where possible, the analysis below does not use parametric methods employing these mean values.  Rather medians, counts, and ranks are used to characterize the data. Counts and/or ranks in a given category are not affected by arbitrary censoring, when the categories are properly defined. Non-parametric statistical methods are also employed since the subject data would not be expected to be normally distributed.

The database for regional N currently represents some 675 polygons. Round “0” had only 25% of these polygons represented by a well sample. The subsequent 3 rounds had about 75% of the polygons represented by samples.  Table 1 summarizes the sampling coverage. Counts from rounds 1-3 range from 55% (Dodge) of polygons to 98% (Fillmore).
Table 1 Coverage of Sampling for SE MN NO3_N Project
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Table 2 below summarizes the counts of NO3_N at the <1 mg/l, 1-10 mg/l, and >=10, mg/l.  The 1 mg/l lower level was chosen for reasons discussed above and removes most of the uncertainty involved with detection limits other analytical data limitations.  10 mg/l represent the drinking water standard.  Chi-sq tests of the four sampling rounds indicates that round “0” has a statistically distribution of counts different from the subsequent rounds, while R1, R2  ,& R3 are not different at the 95% Confidence Limit. Thus only the latter three rounds are combined for use here.  The geometric mean from rounds 1-3 for each well is assumed to be the best measure of central tendency for that well, as discussed above.

Table  2   Counts of NO3_N at three concentration levels
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Table 3   Descriptive statistics for regional NO3_N  by County
	County
	N
	Mean
	StDev
	Minimum
	Median
	Maximum

	Dodge
	31
	0.9
	2.9
	0.1
	0.1
	13

	Fillmore
	89
	4.4
	5.0
	0.1
	2.7
	19

	Goodhue
	60
	3.6
	4.9
	0.1
	2.1
	26

	Houston
	34
	5.1
	7.5
	0.1
	0.7
	29

	Mower
	49
	1.8
	3.4
	0.1
	0.1
	17

	Olmsted
	45
	2.2
	4.5
	0.1
	0.1
	22

	Rice
	57
	1.3
	4.0
	0.1
	0.1
	22

	Wabasha
	34
	5.3
	5.5
	0.1
	3.6
	20

	Winona
	53
	5.4
	7.8
	0.1
	1.1
	34


Table 3 summarizes the descriptive statistics for the SE MN counties.  Note than mean and median are quite different for these data.  Dodge, Houston, and Olmsted have the lowest medians, Fillmore and Wabasha the highest median values.  In the case of mean values, Dodge is again lowest, but Winona and Wabasha have the highest mean NO3_N levels. Figure 1 is illustrates the variability of NO3_N in wells by county (average of geomeans from sampling rounds).  Again, the county means are somewhat biased to the high side, since non-detects are carried as the detection level in the database. Variability within counties is greatest for Houston and Winona and least for Dodge.
Figure 1 County NO3_N means and Variances
Individual 95% CIs For Mean Based on  Pooled StDev

Level          N    Mean   StDev   -----+---------+---------+---------+----

Dodge        28    0.571   2.354   (------*-------)

Fillmore     88    4.376   5.026                    (----*---)

Goodhue    57    3.635   4.967                (-----*----)

Houston     13    3.461   7.102          (----------*----------)

Mower       40    1.810   3.527        (-----*------)

Olmsted     42    2.072   4.527         (-----*------)

Rice           53    1.283   4.098       (----*-----)

Wabasha   29    5.619   5.530                      (------*-------)

Winona     51    5.380   7.932                       (-----*----)

                                                 -----+---------+---------+---------+----

                                                       0.0       2.5       5.0       7.5

The fraction of wells exceeding the drinking water N standard shows a pattern similar to that of the descriptive statistics above.  Overall, about 13% of samples are equal to or above 10 mg/l, ranging from Mower County with a low of 2% to Wabasha County having 29%. These counts also suggest that there may be a geographic pattern.
Table 4 Counts >= 10 mg/l NO3_N
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LARGE SCALE GEOGRAPHY
The county data in table 5  suggest that there may be an East-West and/or North-South relationship with the median county NO3_N levels.  Table 6 show Mann-Whittney (M-W) test for geographic combinations in table 5. 
Table 5 Geographic Assignment of Counties
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Table 6 Geographic Direction and N levels
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The table indicates that the western tier of counties differ in their N distribution ( lower median) than the central and eastern counties.  Similarly, the northern tier differs (higher median) from the middle and south.  Red indicates 95% Confidence Limit, Yellow 90%.  
MATRIX EFFECTS

The East-West (E_W) and North-South(N-S) results  may in part represent differences in basic geology.    Table 8 shows the counts of matrix factors for wells by direction.  Chi Sq tests on well counts indicate that both E_W and N_S groupings have different underlying matrix patterns. C(sandstone) and Q(drift) fractions are higher in East vs West counties,  while S(solution weathered rock) is lower in the East.

Table 8 Counts of matrix factors for wells by geography( direction)
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Kruskal-Wallis test on N geomeans by Matrix indicates that median of the N values ( and distributions) are statistically different for at least one the five matrices vs the others.   Results of Mann Whitney pair-wise tests of the matrix factors are shown in table 9.  S-C and C-B each differ statistically at the 95% level.  Q-B is statistically different at the 90% level. L has low counts and statistical results may not be reliable. These M-W tests suggest that the S-C and Q-B differences may be important factors in the NO3_N directional geographic patterns above.

Table 8 Kruskal-Wallis Test on geomeans by Matrix

MATRIX  N  Median  Ave Rank      Z

B             45  2.7017     240.1   2.40

C           142  0.1442     174.2  -3.42

L               6  0.1856     173.7  -0.58

Q            36  0.1996     202.8   0.10

S           172  0.2289     213.4   1.86

Overall  401             201.0

H = 15.16  DF = 4  P = 0.004  (adjusted for ties)

Table 9 Mann- Whittney ( M-W) pairwise tests of matrix factors from table 8

	Matrix
	M-W p value

	S-C
	0.003

	S-Q
	0.63

	S-B
	0.18

	C-Q
	0.16

	C-B
	0.001

	Q-B
	0.074


PROTECTION AND WELLCODE

A Mann-Whitney test on “Protection” indicates that the Nine county wells with protection have median N values of 0.1 mg/l, while those without have a median of 2.8 mg/l. These medians are statistically different (p<.001). Similar M-W tests on” Wellcode” indicate that those “under” have a median of 0.1 mg/l, those “without” 2.3 mg/l.  As with protection, Wellcode is a significant factor ( p<.001).

Recharge2W

M-W test was employed to check for differences when ground sloped toward well (yes) vs away from well(no). The median for “Yes” wells was 1.3 mg/l vs 0.18 mg/l for “No” wells (p=.02).  Ground sloping has an statistical effect (p=.02) of increasing median NO3_N .

RESULTS BY AQUIFER
Table 6  shows the breakdown of N results by aquifer. The first ten formations in the table account for over 75% of the total wells, and all except CFRN have mean NO3_N levels above 2 mg/l, while median levels are much lower.  Of these ten, OPCJ show the highest N levels, CFRN the lowest.  Four aquifers, OPCD, CJDN, OSTP, and OGAL, account for almost half of all wells, and show 2-5 mg/l mean NO3_N.  Median levels again much lower. The bottom fifteen aquifers in the table account for less than 5% of total wells, and nine of these are represented by only one well.
Table 6 NO3_N levels by Aquifer
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27
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0.1
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25
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5
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90%
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4
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3

1.4
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4.0
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94%
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3

0.1

0.0
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0.1

1%

95%

CJFR

2

7.5

0.5

7.1

7.5
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95%
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2
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0.1
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96%
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2
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0%
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2
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98%
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1

6.9

*

6.9

6.9

6.9

0%

98%

MTPL

1

1.0

*

1.0

1.0

1.0

0%

98%

OPVL

1

0.3

*

0.3

0.3

0.3

0%

99%

OGDC

1

0.1

*

0.1

0.1

0.1

0%

99%
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1

0.1

*
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0.1

0.1

0%
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1

0.1

*

0.1

0.1

0.1

0%

99%

CIGE

1

0.1

*

0.1

0.1

0.1

0%

99.5%

CJIG

1

0.1

*

0.1

0.1

0.1

0%

99.8%

OGSV

1

0.1

*

0.1

0.1

0.1
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100.0%

total
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Table 7 lists the counts of wells with NO3_N exceeding or equal to 10 mg/l.  About a third of OPCJ wells and a quarter of OPDC wells are >10 mg/l.
Table 7 NO3)_N > 10 mg/l by Aquifer
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Further analysis might be able to better define/parse the relationships among the categorical variables.  For example, one could look at matrix effects across counties.  GIS using row crops or feedlot locations as coverage(s) could be used to define relative agricultural N contributions to wells.  Since an additional round of sampling is in the works as of this writing, such analyses should perhaps wait for these data.  

Kimm Crawford

September 26, 2009
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