ISSUES TO DISCUSS
1. PERIOD OF RECORD:  The period of record is limited 1991-2003 and none of the Springs Initiative data was included in the dataset.  Conclusions were made that may not hold when the entire data set and more recent quarterly Springs Initiative data is included.  The limitations in using only a short period of record are evident when comparing the results and conclusions with other trend studies for the springs.

2. DATA SUFFICIENCY:  Number of observations per “Sequence” need to be displayed with charts and statistics where “trend” identified.  Some of these “trends” should not be reported as such due to data gaps or data sufficiency.  See p. 50 where there are “trends” based on 3 data points in the sequences.
3. STATISTICAL INTERPRETATION:  Perhaps the report should be revised so that “significant trends” are reported.  There is no discussion of the amount of error +- in the results or the Sen slope value which would help evaluate the significance of the trend slope.  If you take into account the variation in the data, error/uncertainty along with the low Sen slope values, it may be presumptuous to call many of these an “increasing trend.”   Once you have decided on the “significant trends” and revised the + and – tables - the Sign Tests will need to be reevaluated.  The FGS has a District-wide table of trends – see p. 121 Table 16 showing the SJRWMD results.  If you look at the Sen Slope estimate for the 10 springs showing a District-wide trend the values range from 0.01 to 0.03 – this is small enough to be due to error/uncertainty.   

To illustrate the FGS results can be compared to the SJRWMD Springs Trend Study.  SJRWMD basically did the same trend study on data from 1995-2005 and established a threshold value for significance with the Sen slope estimate for chloride, sulfate and nitrates.  SJRWMD used three statistical tests (Median, Sen slope and Seasonal Kendall) and a slope threshold limit for the Sen slope of 3 mg/L per year for significance when analyzing chloride and sulfate.  The Sen slope threshold for nitrates was 0.02 mg/L per year slope threshold limit.  All FGS “increasing trends” for chloride and sulfate in both Sequence A (1991-2003) and Sequence C (1998-2003) were described differently by SJRWMD (no trend).  NOTE – (A) I used the FGS data titled NITRATE*_Ha_.  (B) Why wasn’t Silver Springs included in FGS springs for SJRWMD?
a. SJRWMD STUDY - Chloride was not found to have a “significantly” increasing trend in any of their 25 SJRWMD springs (1995-2005) and 4 springs actually had significantly decreasing trends.  FGS STUDY – Chloride in Sequence C (1991-2003) as example – FGS reported increasing chloride “trends” for 6 springs – however the Sen slope values were all below the threshold of 3 mg/L used by SJRWMD for significance and were in fact very low.  FGS Sen slope values for “increasing trends” ranged from 0.001928 to 0.1613.
b. SJRWMD STUDY – Sulfate was not found to have a “significantly” increasing trend in any of their 25 SJRWMD springs (1995-2005) and 2 springs had significantly decreasing trends.  FGS STUDY – Sulfate in Sequence C (1991-2003) as example – FGS reported increasing sulfate “trends” for 4 springs – however the Sen slope values were all below the threshold of 3 mg/L used by SJRWMD for significance and were in fact very low.  FGS Sen slope values for “increasing trends” ranged from 0.02120 to 0.1775.
c. SJRWMD STUDY – Nitrates were not found to have a “significantly” increasing trend in any of their 25 SJRWMD springs (1995-2005) and 3 springs had significantly decreasing trends.  FGS STUDY – Nitrates in Sequence C (1991-2003) as example – FGS reported increasing nitrate “trends” in Miami Springs – however the Sen slope value was below the threshold of 0.02 mg/L used by SJRWMD for significance.  For example – FGS Sen slope value for Miami “increasing nitrate trend” was 0.01 while SJRWMD reports this as “stable.”
4. FGS STATISTICAL TESTS:  The statistical tests used are nonparametric – these are sometimes not as robust and need careful interpretation of “significant” results.  Mann-Kendall test looks for “monotonic” trends…those that are consistently increasing or decreasing.  There is little discussion of which variables may not fit the monotonic trend.  Looking at the charts it seems there is quite a bit of variation when comparing to a linear trend line superimposed.  The amount of variation was not discussed relative to a trend.   Some of the data looks like it is cyclical or episodic especially when you include a longer period of record (not just drought impacted years).  FGS  “deseasonalized” the data and then looked for a trend on the transformed data.  In some cases, your results are not considered significant by WMDs due to their use of cross checking with other statistical tests or using a threshold for the Sen Slope before it is considered significant p. 119.

5. Need a better exploration of causation of statistical findings…short and long term climatic changes may explain any “trends” observed.   These are different for the climatic “divisions” so you may not be able to do a statewide lump all springs together assessment.  The Sen Slope Estimator was used when a “trend” was indicated by the Mann-Kendall.  The Sen Slope values could be so small that there are not meaningful but a “trend” was still reported.  Perhaps using a threshold similar to the SJRWMD Trend Study would help to identify “significant trends.”  The Kruskal-Wallis test does not measure the actual means or medians of the observations so any reference to “equal”, “similar” or “different” medians between the sequences isn’t proper.  This test just ranks the results and then the test is done on the rank of each observation (see handout).  Assumptions are that the data is random, mutually independent from populations that have the same shape, equal variances.  The minimum number of observations is five for each “sequence” tested.  I am not sure all the data meets the assumptions for this test – there was no discussion about these issues.  The sign test (Fisher) is another nonparametric test that was used but I am not sure how.  Was this using the + and – trend information in the tables?
6. SEASONALITY:   Kruskal-Wallis test was used since it can compare the distribution of two or more populations by indirectly comparing their median or mean RANK – you are really only comparing the rank so saying they have the same/different medians is not accurate.  Keep in mind that you have to define your “seasons” on p. 54 – so if an analyte doesn’t cycle in these subjective periods of time chosen, the KW may not indicate “seasonality.”  Do these four “seasons” as you defined match all the analytes/data you are using?  How did you handle situations where one season was over-represented compared to others?  Why didn’t you use the Seasonal Kendall?  

7. CAUSATION:  Must treat each spring individually rather than lumping statewide spring issues.  Possible multiple controlling variables – rainfall, drought, temperature, impervious surfaces, land use, agriculture water use (irrigation/winter freeze pumping), increases in population, man-made flow diversions, extreme storm events/hurricanes.   Major controlling variables were not completely identified and discussed with the “trends.”  Explanation of dramatic “trends” needs more investigation/discussion see p. 92 and Fig 40 p. 94.  Not all springs will have the same controlling variables – for some springs the amount precipitation and surface water mixing (new water) will change geochemistry on a short term basis (flashiness) or long term basis during droughts.  For these types of springs you would see the indicators with a higher variation and upward trend during drought which was a common theme in springs.  See p. 65 compare Fanning to Gilchrist Blue.  Other springs are more sensitive to land use changes.  Not all springs were affected by “overpumping”, upwelling ground water or salt water intrusion – it was simply older ground water not mixing with fresh water from rainfall – either less recharge to the aquifer or less runoff/freshwater from local sinks etc. connected to the spring.  Another variable that was not explored is that some springs are tidally influenced.  
8. GEOCHEMISTRY:  Lag time between change in variables and gw chemistry at springs may be different.  Compare water levels and chemistry between gw wells and springs in relation to hydroperiod.  It may take years for gw to recover from these severe droughts.  Get info on episodic ppt – and El Nino years.  i.e., 1997-98 winter had very high rainfall followed by drought that year.  Katz study on SRWMD springs indicates there may be short or longer periods of time 1-30 years before land use changes start showing up in the springs.  If this is so then a more empirical approach is necessary to link the variables - there may be no direct statistically significant test that can be used.  For example, Katz showed an association between fertilizer sales and nitrate levels for some SRWMD springs.
9. ANALYTES:  Combining filtered and unfiltered analytical data is not appropriate for some analytes – phosphorus, magnesium, calcium, potassium etc. p. 40.  Should not automatically use “phosphate” or “phosphorus” as “stand alone” indicator for “nutrients” without a discussion because (a) it can occur as a natural abundance and (b) analyses should mention nitrates with reference to phosphorus levels and whether that spring has a limiting nutrient of nitrate or phosphorus. 
10. HYDROLOGY:  Show locations of “trend wells” in relation to the springshed and spring vent location – discuss appropriateness of ground water flow paths linking well to spring discharge.  If they aren’t part of the spring system – can they be used to the degree in this report?  Comparisons to gw levels and rainfall inside each spring’s springshed needed to link the gw/sw interaction and examine effects of aquifer levels v. high and low flow.  For some springs, flow is not linear – cyclical and could be related to moon tides, tidal mizing zone etc. p. 88 or exponential due to drought.  Most charts have only linear.  No info on variance and best fit.
11.  CLIMATOLOGY/WEATHER:  Comparisons to Palmer Drought Index and Palmer Hydrological Drought Index (cumulative) would help determine wet or dry hydroperiods – estimate recharge of aquifer – correlate to findings?  Palmer Z indicates that wet/dry periods (short term monthly) are not homogeneous across the state.  Use Palmer HD Index for cumulative effect on gw levels.  This seems to indicate that the “global” climatic issues aren’t always “global” on a smaller scale.  Temperature of ground for past 30-40 years went up.  Thermal properties related to amt of water in ground.  Less rainfall, more development and subsequent pavement would inc ground temp.  EOS Transaction from Ameriocan Geophysical Union.      
