Trend Analysis in NPSTORET

NPSTORET includes the ability to evaluate water quality data for changes or trends over time. Using the Mann-Kendall trend test, which makes no assumption about the distribution of the data, allows for missing data, is not greatly affected by outliers, handles censored data easily, and accommodates irregularly-spaced monitoring periods, NPSTORET determines whether there is an increase or decrease in a measured parameter over time and whether the trend is statistically significant.

A common addition to the basic trend test is to examine the relative magnitude (slope) of the trend. NPSTORET uses the non-parametric approach developed by Thiel-Sen to determine a slope for a linear fit of the data plus 99% and 95% confidence intervals for the slope. This non-parametric approach, compared to least squares linear regression, is much less affected by missing data and outliers/errors in measurement, including substitution for censored data. The intercept used in graphing is found by fitting the linear equation using the Thiel-Sen slope through the median time and median value in the dataset.

Note that the Mann-Kendall trend test and Thiel-Sen slope use a single measurement per time period. To check for long-term trends over time, the basis for analysis is an annual time period. Multiple measurements per period can be handled in a variety of ways. NPSTORET offers two options that reduce the multiple measurements to a single value that represents the time period. The first option is to use the median value of all measurements in the time period. The second option is to use the mid-point time-wise in the period.

In some instances the data may have cyclical patterns imposed on top of the long term trend. This cyclical pattern could be something as obvious as changes due to seasonal variations in temperature or flow. To separate the cyclical variation from the test for a long-term trend, NPSTORET allows analysis by up to 4 user-specified seasons or by month, which is just the special case of 12 set seasons. 

Mathematical details are in the Appendix. 

NPSTORET Trend Analysis Statistics
Trend Analysis Statistics are run from the Reports & Statistics Template, ‘Statistics’ tab. First select the data you want to analyze using NPSTORET’s standard filter options. Censored data will be handled by substitution using the substitution values you specify. You can group the statistics by station/characteristic or by project/station/characteristic. Then specify whether you want an annual/seasonal/monthly analysis time period, how to handle multiple measurements per time period, and whether you want to exclude trends that aren’t statistically significant from the report. Figure 1 shows the Statistics tab with specifications for a Trend Analysis.

[bookmark: _Toc180204130]Figure 1.  Specify Trend Analysis
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The Trend Analysis evaluates each numerical-valued (quantitative) characteristic with results that meet your filter settings (Figure 2). A single value is calculated for each year (time period set to ‘Annual’) of results based on your choice of median value or mid-point in time. Then NPSTORET looks for changes over the years in the period of record. It indicates if the values are increasing (↑), decreasing (↓), or staying constant (↔). The p-value of each trend is included with flags for statistical significance. The most significant trends are flagged with *** and are significant at the 0.001 level. Other flagged significance levels are ** for 0.01, * for 0.05, and + for 0.1. The remaining columns in Figure 2 report the slope plus 99% and 95% confidence intervals of the slope (when enough data are present for computation). To simplify the report, you can exclude trends that are not statistically significant by setting the ‘Exclude Trends’ option (Figure 3). Note that the report will not run significantly faster because all results in your filtered dataset are still evaluated.
Figure 2.  Annual Trend Analysis Results
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To interpret the report, consider the number of years available, the p-values, the confidence intervals of the slope, and the slope value. When there are only a few years of data for a characteristic, like Cond_YSI556MPS in Figure 2, the trend will likely not be statistically significant and the quantity of data will be inadequate for determining confidence intervals for the slope. In general, a trend analysis for fewer than 5 years should be interpreted with caution since a single year can strongly influence the results.

Even if you can have a reasonable number of years of data, like Cond_YSI33 in Figure 2, you still may not be able to conclude with confidence whether the conductivity is decreasing or increasing over time. This is evidenced both by a high p-value of 0.835 and the 99% confidence interval of the slope being between -16.384 and 24.293. Or you may have a trend that is statistically significant, like pH_Corning for station CUVA_NPS_BORU in Figure 3 with a p-value of 0.097, but the slope is so small (-0.03) as to imply the pH is stable over time.

Figure 3.  Annual Trend Analysis Results Limited to 0.10 Significance
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When a seasonal/monthly trend analysis is done, NPSTORET again looks for changes over the years in the period of record and reports the same information that the annual report includes: overall trend indicator (↑, ↓, ↔), p-value of the trend, flags for trend significance, slope, and 99% and 95% confidence intervals of the slope. In addition, it also includes for each season/month the trend indicator, p-value, and flag for trend significance. Figure 4 shows a monthly trend analysis and Figure 5 shows a seasonal analysis using two seasons. 

Note that the data are sparse in Figure 4, with few months that have enough data for analysis, so a monthly analysis may not be desirable. A common rule of thumb is that there should be at least 3 years of data for each month when doing the monthly analysis.

Figure 4.  Monthly Trend Analysis Results Limited to 0.10 Significance
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The benefit of a seasonal analysis can be seen by comparing the Turb_Turner characteristic in the annual analysis (Figure 3) versus the two season analysis (Figure 5). With the seasonal analysis, the trend is more statistically significant. The p-value is <0.001 while the annual analysis has a p-value of 0.035. This increase in significance is shown by the tighter confidence intervals for the slopes.
Figure 5.  Seasonal Trend Analysis Results Limited to 0.10 Significance
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NPSTORET Trend Analysis Graphs
Trend Analysis Graphs are run from the Reports & Statistics Template, ‘Graphs’ tab. First select the data you want to analyze using NPSTORET’s standard filter options. Censored data will be handled by substitution using the substitution values you specify. You can group the graphs by station/characteristic or by project/station/characteristic. Then specify whether you want an annual/seasonal/monthly analysis time period, how to handle multiple measurements per time period, and whether you want to plot the raw data or the aggregate single point per time period. The computation is identical to the Trend Analysis Statistics with the addition of calculating an intercept to complete the linear model for plotting. Unlike the Trend Analysis Statistics, however, the graphs will include all numerical (quantitative) characteristics in your filtered dataset without the option to exclude characteristics that lack a statistically significant trend. Figure 6 shows the Graphs tab with specifications for Trend Analysis Graphs. NPSTORET allows you to set a configuration option shown in Figure 7 that specifies which confidence intervals will be displayed on the graphs. This form is accessed from the ‘Options’ button at the bottom of the NPSTORET Reports & Statistics Template or on the Main Switchboard.

Figure 6.  Specify Trend Analysis Graphs
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Figure 7.  Set Configuration Options for Trend Graphs
[image: C:\Users\PGALLO~1\AppData\Local\Temp\2\SNAGHTMLb0d666a.PNG]

The graphs will be created in an Excel file. The first worksheet in the file, shown in part in Figure 8, details the filter options and settings used for the analysis. It also includes a list of each numerical (quantitative) characteristic found in the filtered dataset. Analysis and graphs for each of these characteristics will be found on individual worksheets, in alphabetical order.

Figure 8.  Excel Trend Graph File
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The graphical view allows additional insight into interpreting the trend analysis. In particular, a graph may indicate where a linear model is not the best fit. Figure 9 shows such a case with the analysis of Chloride. Although the trend is significant at the 0.001 level, the data show a potentially exponential increase with time rather than simply a linear increase.

Consider also the cases discussed for the Trend Analysis Statistics. Figure 10 shows Cond_YSI556MPS which has only four years of data.  Confidence intervals could not be determined for the slope, but visually it appears there may be an increasing trend. Figure 11 shows Cond_YSI33 with 12 years of data but no clear trend, as evidenced by the large “bow-tie” effect of the confidence intervals. Figure 12 shows pH_Corning with a statistically significant decreasing trend of very small magnitude slope. All three of these figures graph the raw data rather than the single calculated point per year.

Figures 13 and 14 show the annual and seasonal analysis, respectively, of Turb_Turner. Using a two-season approach gives tighter confidence intervals on the slope, which can be seen at a glance in comparing the two graphs.
Figure 9.  Annual Analysis With Potentially Non-linear Trend



Figure 10.  Characteristic With 4 Years of Data



Figure 11.  Characteristic Without Trend



Figure 12.  Characteristic Stable Over Time



Figure 13.  Annual Analysis With Broader Confidence Interval



Figure 14.  Seasonal Analysis With Tighter Confidence Interval




Figure 15 shows the same data shown in Figure 11 and Figure 16 shows the same data shown in Figure 12, but with the addition of the 95% confidence intervals. Note that showing both the 95% and 99% confidence intervals may clutter the graph and add little additional insight.

Figure 15.  Characteristic Without Trend Showing 95% and 99% Confidence Intervals


Figure 16.  Characteristic Stable Over Time Showing 95% and 99% Confidence Intervals



APPENDIX

The computations used by NPSTORET will be described briefly here. For a complete discussion of trend analysis, refer to Nonparametric Statistical Methods, by Hollander, Wolfe, and Chicken, 3rd edition, 2013, John Wiley & Sons or Statistical Methods for Environmental Pollution Monitoring, by Gilbert, 1987, John Wiley & Sons.

Mann-Kendall Trend Test
In the Mann-Kendall trend test, the data are listed in order by time and then all pairs of data are compared. For n data points there are N data pairs, where N = n(n-1)/2. These N data pairs are identified as increasing, decreasing, or unchanging over time. The overall Mann-Kendall statistic is just the number of increasing pairs minus the number of decreasing pairs.



Sample Data
	Time
Data
	1
10
	2
17
	3
13
	4
19
	# of
+ signs
	# of
- signs
	

	
	
	17-10
	13-10
	19-10
	3
	0
	

	
	
	
	13-17
	19-17
	1
	1
	

	
	
	
	
	19-13
	1
	0
	

	
	
	
	
	S   =
	5
	1
	=  4



To test for whether the trend is significant, exact probability tables are used by NPSTORET for small datasets (10 or fewer time periods) and the normal approximation is used for larger datasets. The normal approximation with an adjustment for tied values is


where g is the number of groups with tied values and tp is the number of data points in the pth group. The test statistic Z is calculated from VAR(S)




This Z value is compared to a probability table to test for either upward or downward trend (a two-tailed test). The trend is significant at the α-level if the absolute value of the calculated Z is greater than Z1-α/2 found in the table. 

Thiel-Sen Slope
To determine the Thiel-Sen slope of the trend, the n data points are arrayed by time as in the Mann-Kendall analysis. A slope, Qjk, is calculated for each of the N data pairs, where . N = n(n-1)/2. 


The slope estimator, , is the median of these N individual slopes.



Sample Data
	Time
Data
	1
10
	2
17
	3
13
	4
19

	
	
	
	

	

	
	
	
	

	

	
	
	
	
	


	
	
	
	Slope Est  =
	½(1.5+3) = 2.25



The confidence interval of the slope is calculated from the same array of ordered slopes Qi using indexes M1 and M2.


where


and


Using tabulated Z values for cumulative normal distribution, the 99% and 95% confidence intervals are calculated using  and , respectively.

Seasonal Analysis
For seasonal (monthly) analysis, the data are divided by season and ordered by year within each season. The trend test is first done on the individual seasons. For ni data points in the ith season there are Ni data pairs, where Ni = ni(ni-1)/2. These Ni data pairs are identified as increasing, decreasing, or unchanging over time. The Mann-Kendall statistic for the season, Si, is just the number of increasing pairs minus the number of decreasing pairs.


is calculated for each season.



The individual season values are then summed across the K seasons.



The test statistic Z is calculated from VAR(S’)




This Z value is compared to a probability table to test for either upward or downward trend (a two-tailed test) just as in the annual analysis. The trend is significant at the α-level if the absolute value of the calculated Z is greater than Z1-α/2 found in the table.

The seasonal Thiel-Sen slope estimator is calculated by again separating the data by season and ordering by year within each season. For the ith season, a slope, Qijk is calculated for each of the Ni data pairs.



There will be individual slopes where  is the sum over the K seasons of the number of data pairs for season i.



The slope estimator, , is the median of these individual slopes.

Columbia Run
Chloride
Result Values	1985.5397260273974	1986.2328767123288	1986.2712328767122	1986.3095890410959	1986.3479452054794	1986.3863013698631	1986.4219178082192	1986.4657534246576	1986.5013698630137	1986.5780821917808	1986.6164383561643	1986.654794520548	1986.6931506849314	1986.7315068493151	1986.7698630136986	1986.8082191780823	1986.8657534246574	1986.9424657534246	1987.0191780821917	1987.0958904109589	1987.2684931506849	1987.5369863013698	1987.6904109589041	1988.304109589041	1988.5369863013698	1988.7452054794521	1989.2986301369863	1989.5315068493151	1989.7205479452055	1990.2931506849316	1990.5452054794521	1990.7178082191781	1991.2520547945205	1991.5260273972603	1991.7150684931507	1992.2876712328766	1992.5232876712328	1992.7095890410958	1993.2794520547945	1993.5534246575342	1993.6904109589041	1994.3424657534247	1994.5479452054794	1995.2767123287672	1995.5260273972603	1995.7150684931507	1996.2904109589042	1996.5232876712328	1996.7150684931507	1997.2684931506849	1997.5397260273974	1997.7095890410958	1998.3068493150686	1998.5397260273974	1998.7068493150684	1999.304109589041	1999.5342465753424	1999.7205479452055	2000.317808219178	2000.5506849315068	2000.7369863013698	2001.2739726027398	2001.5616438356165	2001.7178082191781	2002.2931506849316	2002.5232876712328	2002.7150684931507	2003.2821917808219	2003.5205479452054	2003.7095890410958	2004.3068493150686	2005.2794520547945	2005.7041095890411	2006.2958904109589	2006.5479452054794	2006.7013698630137	2007.2958904109589	2007.6602739726027	24	31	26	31	29	25	27	25	22	27	30	26	28	32	26	29	33	20	29	53	13	15	37	37	48	48	40	37	48	28	39	17	43	22	45	44	53	38	34	51	78	49	41	54	42	58	77	33	54	49	48	72	32	32	42	59	80	34	57	32	38	84	33	27	61	57	65	92	20	31	60	107	49	120	70	59	138	84	Trend Line ***	1985	2008	24.15789473684206	67.736842105263037	99% LCI	1985	2008	38.280701754385873	53.614035087719216	99% UCI	1985	2008	12.676962435725804	79.217774406379277	Year

mg/l  


Boston Run
Specific conductance
(Cond_YSI556MPS)
Result Values	2005.7013698630137	2006.2931506849316	2006.5315068493151	2006.5315068493151	2006.7013698630137	2007.2986301369863	2007.6438356164383	2009.3260273972603	2009.6465753424657	2009.7232876712328	745	0.66600000000000004	401	611	771	665	842	799	948	994	Trend Line 	2005	2010	638.25	1008.25	Year

mS/cm  


Boston Run
Specific conductance
(Cond_YSI33)
Result Values	1984.8904109589041	1984.9643835616439	1985.0986301369862	1985.1479452054793	1985.2136986301371	1985.2520547945205	1985.2904109589042	1985.3287671232877	1985.3698630136987	1985.4054794520548	1985.4438356164383	1985.4821917808219	1985.5205479452054	1985.6	1985.6356164383562	1985.6739726027397	1985.7506849315068	1985.827397260274	1986.3232876712329	1986.5342465753424	1986.7342465753425	1987.3068493150686	1987.5780821917808	1987.7287671232878	1988.3232876712329	1988.5561643835617	1988.7643835616439	1989.317808219178	1989.5479452054794	1989.7397260273972	1990.3150684931506	1990.5671232876712	1990.7369863013698	1991.2739726027398	1991.5452054794521	1991.7150684931507	1992.2931506849316	1992.5589041095891	1992.7123287671234	1993.2794520547945	1993.5342465753424	1993.6904109589041	1994.3424657534247	1994.5479452054794	1994.7178082191781	1995.2767123287672	1995.5287671232877	1995.7150684931507	820	640	810	710	698	310	550	700	700	335	600	650	725	360	660	750	610	690	570	540	570	540	700	730	630	560	820	620	680	730	550	700	500	340	700	800	700	620	500	560	650	740	650	700	650	600	700	700	Trend Line 	1984	1996	669.375	654.375	99% LCI	1984	1996	760.17820068476215	563.57179931523774	99% UCI	1984	1996	516.11699828809503	807.63300171190508	Year

µmho/cm  


Boston Run
pH
(pH_Corning)
Result Values	1984.8904109589041	1984.9643835616439	1985.0986301369862	1985.1479452054793	1985.2136986301371	1985.2520547945205	1985.2904109589042	1985.3287671232877	1985.3698630136987	1985.4054794520548	1985.4438356164383	1985.4821917808219	1985.5205479452054	1985.6	1985.6356164383562	1985.6739726027397	1985.7506849315068	1985.827397260274	1986.3232876712329	1986.5342465753424	1986.7342465753425	1987.3068493150686	1987.5780821917808	1987.7287671232878	1988.3232876712329	1988.5561643835617	1988.7643835616439	1989.317808219178	1989.5479452054794	1989.7397260273972	1990.3150684931506	1990.5671232876712	1990.7369863013698	1991.2739726027398	1991.5452054794521	1991.7150684931507	1992.2931506849316	1992.5589041095891	1992.7123287671234	1993.2794520547945	1993.5342465753424	1993.6904109589041	1994.3424657534247	1994.5479452054794	1994.7178082191781	1995.2767123287672	1995.5287671232877	1995.7150684931507	8.06	7.76	7.57	7.86	8.5500000000000007	7.12	8.25	7.9	8	7.3	8.1	8.2100000000000009	8.06	7.46	8.0299999999999994	8.0299999999999994	8	7.81	8.07	8.16	7.87	8.18	8.16	8.18	8.1300000000000008	8.4700000000000006	8.09	7.75	8.1	8.3000000000000007	7.5	7.9	7.99	7.6	7.9	8.1	8.1	8.07	7.9	7.91	7.92	7.78	7.4	7.6	7.5	7.02	7.7	7.74	Trend Line +	1984	1996	8.1199999999999992	7.7599999999999927	99% LCI	1984	1996	8.4650073958745189	7.4149926041254748	99% UCI	1984	1996	7.8004977812376399	8.0795022187623537	Year

None  


Boston Run
Turbidity
(Turb_Turner)
Result Values	1984.8904109589041	1984.9643835616439	1985.0986301369862	1985.1479452054793	1985.2136986301371	1985.2520547945205	1985.2904109589042	1985.3287671232877	1985.3698630136987	1985.4054794520548	1985.4438356164383	1985.4821917808219	1985.5205479452054	1985.6356164383562	1985.6739726027397	1985.7506849315068	1985.827397260274	1986.3232876712329	1986.5342465753424	1986.7342465753425	1987.3068493150686	1987.5780821917808	1987.7287671232878	1988.3232876712329	1988.5561643835617	1988.7643835616439	1989.317808219178	1989.5479452054794	1989.7397260273972	1990.3150684931506	1990.5671232876712	1990.7369863013698	1991.2739726027398	1991.5452054794521	1991.7150684931507	1992.2931506849316	1992.5589041095891	1992.7123287671234	1993.2794520547945	1993.5342465753424	1993.6904109589041	1994.3424657534247	1994.5479452054794	1994.7178082191781	1995.2767123287672	1995.5287671232877	1995.7150684931507	1996.2904109589042	1996.5232876712328	1996.7150684931507	1997.2712328767122	1997.5369863013698	1997.7095890410958	1998.3068493150686	1998.5397260273974	1998.7068493150684	1999.304109589041	1999.5342465753424	1999.7205479452055	2000.317808219178	2000.5506849315068	2000.7369863013698	2001.2739726027398	2001.5616438356165	2001.7178082191781	2002.2931506849316	2002.5232876712328	2002.7150684931507	2003.2821917808219	2003.5205479452054	2003.7095890410958	1.8	3.7	1.6	3.3	6.7	40.1	5	1.3	2.1	99.9	2.2999999999999998	3.2	2	5.0999999999999996	4.2	4.3	0.7	3.5	11.3	90	4.7	2.4	4.4000000000000004	2.7	200	2.2000000000000002	5.3	1.2	5	8.6999999999999993	3	3.1	91.8	1.3	2.4	2.8	6.1	2.1	8.9	7	4.7	7.8	0.6	3.2	50.7	4.2	4.3	1.1000000000000001	1.1000000000000001	53.4	1.6	2.1	5.6	75	596	12	63	16	25	24	24	91	78	19	121	105	181	30	21	620	33	Trend Line *	1984	2004	-7.8882352941176404	17.87647058823536	99% LCI	1984	2004	5.6105886769122302	4.3776466172054915	99% UCI	1984	2004	-39.411723718528137	49.399959012645866	Year

NTU  


Boston Run
Turbidity
(Turb_Turner)
Result Values	1984.8904109589041	1984.9643835616439	1985.0986301369862	1985.1479452054793	1985.2136986301371	1985.2520547945205	1985.2904109589042	1985.3287671232877	1985.3698630136987	1985.4054794520548	1985.4438356164383	1985.4821917808219	1985.5205479452054	1985.6356164383562	1985.6739726027397	1985.7506849315068	1985.827397260274	1986.3232876712329	1986.5342465753424	1986.7342465753425	1987.3068493150686	1987.5780821917808	1987.7287671232878	1988.3232876712329	1988.5561643835617	1988.7643835616439	1989.317808219178	1989.5479452054794	1989.7397260273972	1990.3150684931506	1990.5671232876712	1990.7369863013698	1991.2739726027398	1991.5452054794521	1991.7150684931507	1992.2931506849316	1992.5589041095891	1992.7123287671234	1993.2794520547945	1993.5342465753424	1993.6904109589041	1994.3424657534247	1994.5479452054794	1994.7178082191781	1995.2767123287672	1995.5287671232877	1995.7150684931507	1996.2904109589042	1996.5232876712328	1996.7150684931507	1997.2712328767122	1997.5369863013698	1997.7095890410958	1998.3068493150686	1998.5397260273974	1998.7068493150684	1999.304109589041	1999.5342465753424	1999.7205479452055	2000.317808219178	2000.5506849315068	2000.7369863013698	2001.2739726027398	2001.5616438356165	2001.7178082191781	2002.2931506849316	2002.5232876712328	2002.7150684931507	2003.2821917808219	2003.5205479452054	2003.7095890410958	1.8	3.7	1.6	3.3	6.7	40.1	5	1.3	2.1	99.9	2.2999999999999998	3.2	2	5.0999999999999996	4.2	4.3	0.7	3.5	11.3	90	4.7	2.4	4.4000000000000004	2.7	200	2.2000000000000002	5.3	1.2	5	8.6999999999999993	3	3.1	91.8	1.3	2.4	2.8	6.1	2.1	8.9	7	4.7	7.8	0.6	3.2	50.7	4.2	4.3	1.1000000000000001	1.1000000000000001	53.4	1.6	2.1	5.6	75	596	12	63	16	25	24	24	91	78	19	121	105	181	30	21	620	33	Trend Line ***	1984	2004	-6.2654545454545403	23.334545454545459	99% LCI	1984	2004	4.9231513324188221	12.145939576672102	99% UCI	1984	2004	-24.611870437195236	41.680961346286153	Year

NTU  


Boston Run
Specific conductance
(Cond_YSI33)
Result Values	1984.8904109589041	1984.9643835616439	1985.0986301369862	1985.1479452054793	1985.2136986301371	1985.2520547945205	1985.2904109589042	1985.3287671232877	1985.3698630136987	1985.4054794520548	1985.4438356164383	1985.4821917808219	1985.5205479452054	1985.6	1985.6356164383562	1985.6739726027397	1985.7506849315068	1985.827397260274	1986.3232876712329	1986.5342465753424	1986.7342465753425	1987.3068493150686	1987.5780821917808	1987.7287671232878	1988.3232876712329	1988.5561643835617	1988.7643835616439	1989.317808219178	1989.5479452054794	1989.7397260273972	1990.3150684931506	1990.5671232876712	1990.7369863013698	1991.2739726027398	1991.5452054794521	1991.7150684931507	1992.2931506849316	1992.5589041095891	1992.7123287671234	1993.2794520547945	1993.5342465753424	1993.6904109589041	1994.3424657534247	1994.5479452054794	1994.7178082191781	1995.2767123287672	1995.5287671232877	1995.7150684931507	820	640	810	710	698	310	550	700	700	335	600	650	725	360	660	750	610	690	570	540	570	540	700	730	630	560	820	620	680	730	550	700	500	340	700	800	700	620	500	560	650	740	650	700	650	600	700	700	Trend Line 	1984	1996	669.375	654.375	99% LCI	1984	1996	760.17820068476215	563.57179931523774	99% UCI	1984	1996	516.11699828809503	807.63300171190508	95% LCI	1984	1996	721.875	601.875	95% UCI	1984	1996	592.44367928687882	731.30632071312129	Year

µmho/cm  


Boston Run
pH
(pH_Corning)
Result Values	1984.8904109589041	1984.9643835616439	1985.0986301369862	1985.1479452054793	1985.2136986301371	1985.2520547945205	1985.2904109589042	1985.3287671232877	1985.3698630136987	1985.4054794520548	1985.4438356164383	1985.4821917808219	1985.5205479452054	1985.6	1985.6356164383562	1985.6739726027397	1985.7506849315068	1985.827397260274	1986.3232876712329	1986.5342465753424	1986.7342465753425	1987.3068493150686	1987.5780821917808	1987.7287671232878	1988.3232876712329	1988.5561643835617	1988.7643835616439	1989.317808219178	1989.5479452054794	1989.7397260273972	1990.3150684931506	1990.5671232876712	1990.7369863013698	1991.2739726027398	1991.5452054794521	1991.7150684931507	1992.2931506849316	1992.5589041095891	1992.7123287671234	1993.2794520547945	1993.5342465753424	1993.6904109589041	1994.3424657534247	1994.5479452054794	1994.7178082191781	1995.2767123287672	1995.5287671232877	1995.7150684931507	8.06	7.76	7.57	7.86	8.5500000000000007	7.12	8.25	7.9	8	7.3	8.1	8.2100000000000009	8.06	7.46	8.0299999999999994	8.0299999999999994	8	7.81	8.07	8.16	7.87	8.18	8.16	8.18	8.1300000000000008	8.4700000000000006	8.09	7.75	8.1	8.3000000000000007	7.5	7.9	7.99	7.6	7.9	8.1	8.1	8.07	7.9	7.91	7.92	7.78	7.4	7.6	7.5	7.02	7.7	7.74	Trend Line +	1984	1996	8.1199999999999992	7.7599999999999927	99% LCI	1984	1996	8.4650073958745189	7.4149926041254748	99% UCI	1984	1996	7.8004977812376399	8.0795022187623537	95% LCI	1984	1996	8.3145514580196807	7.5654485419803121	95% UCI	1984	1996	7.9180972633573701	7.9619027366426227	Year

None  
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