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Thank you for taking the time to scrutinize the draft report. You had many very good comments and we (Neal Doran, Aaron White, Sam Upchurch, and I) will do our best to incorporate as many of your comments as we can into future drafts.  From many of your comments, it is clear that we did not fully explain the purpose of the investigation.  Therefore, we will do a better job in future editions.  You presented your review in two formats.  The first was a series of comments in the margins of the draft document, while the second was in the form 11 major issues discussed in a five-page document with the title, “Issues to Discuss.”  Because the five-page document overwhelmingly includes the comments in the document’s margins, I will simply address the document, “Issues to Discuss.”  Note I will present each of your 11 issues in italics.  

1.  PERIOD OF RECORD: The period of record is limited to 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 are included.  The limitation in using only a short period of record is evident when comparing the results and conclusions with other trend studies for the springs. 
Response – The major reason that the trend study was conducted was a response to a call from the Florida Springs Task Force (2000) to implement spring monitoring program in order to detect and document long-term trends in water quality. 

In our Springs Selection Process section in our draft, we mention that although the Springs Initiative has been responsible for the collection of spring water quality since 2001, there were no Springs Initiative sponsored spring that had sufficient data for inclusion into our project.  (Note I will address sufficiency later.)  We mentioned this issue on p. 26 of our draft.  However, we will expand our clarification in future editions of the document.  In our introduction, we mentioned that one of our objectives was to develop a series of methods for the trend analyses of Springs Initiative sponsored data in the future.  I believe that particular objective was accomplished in our draft. 

On p. 26 of our draft, we mentioned that in 2002 and 2003, we solicited from each of the WMDs for existing spring data that they may have.  We mentioned that for our investigation, we wanted to obtain the longest sequence of usable data from as many springs as possible.  

On p. 36 we defined data sufficiency as a time series that contained a minimum of 10 points for the entire series.  The minimum size was based on the minimum number of data points required for the statistical procedures used.
Our search revealed that the time period 1991-2003 supplied us with the longest period of record for the maximum number of springs (58).  We could have selected a fewer number of springs if we wanted a longer period of record.  However, we realized that once the Springs Initiative sampled springs had sufficient data, FDEP would need analytical methods for describing trends in numerous springs that only had short-term records. 

Per the request of WMD staff, we sub-divided our time sequence.  We defined Sequence A as the longest time series with sufficient data.  Sequence B was defined as the first half of Sequence A, while Sequence C was the last half.   The idea was to be able to compare the first half of Sequence A to the second half.  It turned out that Sequence A ran from 1991-2003, Sequence B was form 1991-1997, and Sequence C ran from 1998-2003.  
Another point needs to be made.  Just because the minimum number of data points in a series was 10, most series had many more that that number.  For Sequence A, the numbers ranged from 10 to 150, while the median number was 38.  We also were very concerned that for Sequence A, the data were not all from either Sequence B or C.  We wanted them to be spread out between the two sequences. We arbitrarily decided to require that for Sequence A, a minimum of three points were from each of the latter two sequences.  Most of the time, this was not an issue.  Nevertheless, occasionally we were stuck with only three data points in either Sequence B or C. 
Our next draft will make all of these issues clearer to the reader.  Note that I do believe our conclusions will hold for the time period of the study that we used.  Regarding your sentence, “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.”  I believe this is better addressed in our response to your third major issue, STATISTICAL INTERPRETATION.  
2. DATA SUFFICIENTY: The number of observations per “Sequence” needs to be displayed with charts and statistics where “trend” are 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 sequence. 
Response – Indicating the number of observations (n) per sequence is definitely needed.  Some of our tables have “n” labeled and some do not.  In future editions, we will include “n” in our tables. 

Regarding data sufficiency, it was discussed in number 1 above.  The problem you mention regarding data gaps is real. On pages 33 – 36, we discuss problems associated with “messy” data.  Nevertheless, the data are “what they are” and, because they were “messy”, we made recommendations to eliminate these types of problems in the future. The problems are minimized by using the nonparametric statistical procedures, and that is why nonparametric procedures are often used.  You state that we conducted a trend based on three data points in the sequence.  That is incorrect.  The minimum n for a trend was 10.  See 1 above.  
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 – table- 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 Spring 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? 
Response – In some ways I agree totally with your point.  However, I disagree with others.  In general, probably the best way to address this entire issue is to refer to p. 34 in our document. It mentions that one purpose of the study to identify all trends that could be confidently labeled as such.  Other studies employing greater power (i.e., ability to detect more trends) should be conducted.  However, since this was the first statewide analysis of water quality trends, one of our goals was to minimize the number of false trends – while maximizing the number of true trends – in order to get the best picture of where the clearest problems exist.  We were able to accomplish this by defining our confidence level up front and it was 0.95. Thus, we acknowledge our error rate of false positives for trends is 0.05.  

We wanted to minimize the number of subjective decisions to be made.  The SJRWMD, on the other hand, wanted to be very conservative reporting their trends.  As such, they added a layer of subjectivity when they did not report trends with Sen slopes of less then 0.03 mg/L for chloride and sulfate, and 0.02 mg/L for nitrate. 

We used the Sen slope as an indication of the magnitude of the slope.  We reported the Sen slope.  Thus, if a reader does not want to use the trend, that is his or her prerogative. 

You mentioned that the SJRWMD conducted a similar trend study (1995-2005) for chlorides, sulfate, and nitrate and you mention that their results were different.  My response is yes, they did.  They also used slightly different time frames and added a subjective buffer for not reporting trends, if the Sen slopes were lower than threshold values.  Their results were different from ours.  That should absolutely be expected.  However, it turns out that if the SJRWMD had not used the Sen slope buffer, their results and ours would have been similar to ours (except for the extra number of springs that SJWMD was able to analyze).  Nevertheless, we will better discuss this the results of the SJ study in our future drafts.   

You prefer the SJRWMD protocols and suggest we should use their methods.  However, this is important.  If we had used the SJRWMD protocols, we may have missed the most significant finding of our study.  That is, based on the Sign test, 12 Rock and Saline indicators had upward trends statewide.  The greatest probability that any of these trends were false positives was only 0.007.  In our conclusions, we mention that the drought was the ultimate cause of many of the trends.  Data was also presented that suggests (unproven at this time) that ground-water withdrawals may have exacerbated the problem of decreasing aquifer potentials during the drought.  We concluded that the drought caused decreasing spring flow, while additional ground-water withdrawals may have made the problem worse. The drought caused a reduction in recharge and, after a time lag, a reduction in aquifer potentials and spring discharge.  The decrease in the potentials and discharge was the cause of Rock and Saline analytes to trend upward. 

I was extremely amazed that through our spring monitoring, we were able to observe spring water quality changes, regardless of whether the magnitude of change was large (in the 100s of mg/L) or small (less than one mg/L).  Based on this, we recommended in our document that springs should be placed into a statewide saline water encroachment network.  If we had adopted the SJRWMD protocols, we may never have been able to become aware of how sensitivity spring water quality is to changes in aquifer potentials. 
You asked why we did not use Silver Springs in the report.  Unfortunately, Silver Springs has insufficient data for Sequence B (1991-1997).  Silver Springs has less than three water chemistry observations for Segment B, which caused us to eliminate it from our study.  

3a. 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. 
Response – I suppose the closest time period that the SJRWMD study covered (1995-2005) was to our Sequence C (1998-2003).  Note Sequence A covered 1991-2003.  For Sequence A, we reported chloride increased in 5 SJRWMD springs and decreased in 3.  For Sequence C, we reported that 6 increased and 4 decreased. If SJRWMD had not set the additional, our results are very similar. We reported that the Sen Slopes were low. Nevertheless, the chloride concentrations in the springs did increase. In our next draft of the report, we will make an extra effort to point out to the reader that the slopes were low. 
3b. SJRWMD STUDY – Sulfate was not found to have a “significantly” increasing trend in any of their 25 SJRWMD spring (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 the SJRWMD for significance and were in fact very low.  FGS Sen slope values for “increasing trends” Ranged from 0.02120 to 0.1775. 
Response – For Sequence A, according to my records, we reported sulfate increased in eight SJRWMD springs and decreased in 5.  For Sequence C, according to my records, we reported that 3 increased and 3 decreased. If SJRWMD had not set the additional buffer, our results are very similar. We reported that the Sen Slopes were low. Nevertheless, the sulfate concentrations in the springs did increase. 

3c. SJRWMD STUDY – Nitrates were not found to have a “significantly” increasing trend in any of their 25 SJREWMD springs (1995-2005) and 3 spring had significantly decreasing trends.  FGS STUDY – Nitrates in Sequence C (1991-2003) as example – FGS  reported increasing “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 for Miami “increasing nitrate trend” was 0.01 while SJRWMD reports this as “stable.” 
Response – For Sequence A, according to my records, we reported nitrate increased in 3 SJRWMD springs and decreased in 4.  For Sequence C, according to my records, we reported that one (Miami Spring) increased and one decreased. If SJRWMD had not set the additional buffer of 0.02 mg/L, our results are very similar. We reported that the Sen Slopes were low. Nevertheless, the nitrate concentrations occasionally did increase. 

4. FGS STATISTICAL TESTS: - The statistical tests used are nonparametric – there are sometimes not as robust and need careful interpretation of “significant” results.  Mann-Kendall tests looks for “monotonic” trends… those that are consistently increasing or decreasing.  There is little discussion of which variable may not fit the monotonic trend.  Looking at the charts it seems there is quite a bit of variation when comparing to a liner 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.  Is 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 p. 119.  

Response – Actually nonparametric techniques, more often then not, are more robust than parametric methods.  They are the choice when data are not normally distributed and, or when the data set has outliers (extremely high or low values).  Because environmental data are typically not normally distributed, they are often the methods of choice for environmental date analysis.  I will agree, however, that any statistical test needs careful interpretation. In our methods section (p. 30-37), we tried to explain the problems with the data and the methods we used for analysis.  We will make that section more explanatory in future drafts. 
From the beginning of the project, we were reluctant to state that the Mann-Kendall (M-K) test looks for “monotonic” trends.  With regards to the term monotonic as in monotonic sequence in mathematics, the American Heritage Dictionary (2ed edition, 985, p. 812) states, “each member of a monotone increasing sequence is greater than or equal to the preceding member; each member of a monotone decreasing sequence is less than or equal to the proceeding member.”  

Without making a big issue of the terminology, we simply did not want to use the term.  Instead of referring to monotonic trends, we thought of the trends in a different scope.  Gilbert (1987, p. 209) states, “...the Mann-Kendall test can be viewed as a nonparametric test for zero slope of the linear regression of time-ordered data versus time.”  Thus, it can simply be thought of as a test of zero linear slope versus a linear slope.  

In our methods section (p. 34) we do discuss the problem of testing for a linear trend when other types of structure may exist (e.g. cyclic).  Again, our intent was to make the reader aware that we were simply superimposing linear trends on data that may have another mathematical structure. There are plenty of other mathematical procedures that can be used to describe nonlinear trends. However, that process is well beyond the scope of out study and we will mention this topic in our future drafts.

You mentioned that we determined trends on deseasonalized data and that the results may not be considered significant by WMDs that used other statistical tests or used Sen slope thresholds. I responded to this issue earlier. 

5. NEED A BETTER EXPLORATION OF CAUSATION AND STATISTICAL FINDINGS…short and long term climatic changes may explain any trends observed.  These are different for climatic divisions so you may not be able to do a statewide lump all springs together assessment. 
Response – We do discuss the affects of long-term climatic changes (p. 197-200) and we concluded that the cause of a majority of statewide trends during our study was the drought.  We did consider using climatic divisions.  However, in the end, they did not seem to matter with regards to our statewide trends.  We will address this issue further in your issue 11. 
We found your comment regarding “statewide lump all springs together assessment” to be interesting.  For our evaluation of spring trends, the issue of scale came up repeatedly. Some people felt we should use some of the various scales: local, springshed, WMD, climatic division, geomorphic, major land use division, statewide, and other scales. It finally occurred to us that although scale is important, almost everyone has a different idea as to what scale to use. For example, if we were to use a football field for an investigation, someone might say that we should have subdivided it into a 10 yard increment scale. 
Everyone wants to obtain homogeneity.  However, that is very difficult to obtain. In the end, we decided that since this was, in part, a development study, we should define scales up front. We decided to use the following scales: spring (or springshed), WMD, and state.  This kept our interpretation to a minimum. If the statistics concluded that there were stateside scale issues, we attempted to find causes at that scale.  We concluded that the drought affected recharge, which in turn affected spring discharge.  The decrease in discharge influenced spring water chemistry at that scale.  As the geography size became smaller, the potential reasons for the causes increased.  If the statistics indicated a district-wide issue, we simply discussed potential reasons.  If the statistics indicated trends in individual springs, we only attempted to lay out a list of possible potential reasons.  As you pointed out, we missed some of the points.  Thus, in the future drafts we will make a “smorgasbord” of possible causes. We believe that the causes of individual spring trends will require springshed evaluations, and that is beyond the scope of this study. In our future drafts, we will be very careful to point this out. 
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 similar threshold similar to the SJRWMD Trend Study would help to identify “significant  trends.”  

Response – Again, the SJRWMD used the Sen slope thresholds as buffers.  The effect was to reduce the number of observed trends.  We did not use the buffers.  We wanted to know if a significant trend existed. The trends were discovered were statistically valid. 

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 eh 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 observation is five for each “sequence” tested.  I am not sure all the data meets the assumptions for this test – there is no discussion about these issues. 
Response – First, let me discuss the issue of the test for medians. In order to do this, consider the Mann-Whitney (M-W) test as a special case of the more generalized Kruskal-Wallis (K-W) test.  The M-W tests differences in two populations, whereas the K-W tests differences in more than two populations. According to Minitab (1996, p. 5-11), the M-W test…“compares the difference between two population medians.”  

The best way to imagine what is happening is to think of two decks of cards.  One is red and one is blue.  Assume that the two decks are perfectly shuffled and that the card on the bottom is red.  The second is blue.  The third is red, and so on. Suppose the cards in the shuffled deck are each given a rank score based on the ascending order of the card in the shuffled deck.  Thus, the blue card at the bottom is ranked 1; the red card next to the bottom is ranked 2; the blue (third) card is ranked 3 and so on.  The median ranked value of the red deck is 52, while the median ranked value of the blue deck is 53.  The standard deviations of both the red and the blue deck are the same (30.3).   There is no significant difference in the medians of the two decks.  There are also no differences in their spreads.  I performed a M-W test on these data and will discuss the results shortly. 
Now imagine that the two decks are not shuffled at all.  The red deck is at the bottom, while the blue deck is on the top. Suppose the cards in the “non-shuffled” deck are again, given ranked values.  The bottom card is ranked 1, the second is ranked 2, and so on.  Thus, the lowest rank for the red deck is 1, while the highest is ranked 52. For the blue deck, the lowest rank is 53, while the highest is 104. Under this scenario, the median ranked value of the red deck is 26.5, while the median value of the blue deck is 78.5.  The standard deviations of both decks are 15.15.  
The M-W test was used to compare differences in the two populations (the two decks) in the first example.  The two decks, statistically, have no difference.  In fact, the p-value of the test is 0.8683.  Thus, the distributions have no statistical differences in their ranks, in their distributions, and in their medians. 
The M-W test was used to compare differences in the two populations (the two decks) in the second example.  The two decks are, statistically, different.  In fact the p-value of the test is <0.0001.  The distributions are statistically different in their ranks, their distributions, and in their medians. 

Minitab states that there are three assumptions for the M-W test: 
    
(1) Data are from independent random samples, 
     
(2) The two populations have the same shape (same standard deviations), and 
     
(3) The scale is at least ordinal.  
Unfortunately, often with environmental data, they are not normally distributed (the reason for choosing the non-parametric test) and the variances are not always equal.  What can be done?  Fortunately, Conover (1999) came up with a different perspective. He stated that test had slightly different assumptions.  They are: 


(1) Data are independent, within and between populations, 

(2) Samples are random, and

(3) The scale is at least ordinal.  

Note that the assumption regarding equal variance is not included. This is a huge benefit as far as analyzing environmental data is concerned.  As with any time series problem, data independence may be an issue. Unfortunately, as with many statistical tests, or mathematical models in hydrology, not all assumptions are always met.  Nevertheless, the test did assist us in determining differences in concentration and flow in the different seasons.  In future drafts we will explain the strengths and weakness of the test.  Thank you for bringing up the issue. 
Second, we did not use the Kruskal-Wallis (KW) test to test for differences in sequences. However, we did use the K-W test to check for the presence of seasonality (p. 52-54).  Based on the sampling frequency of each WMD, most springs were checked for quarterly seasonality. Note that for some of the wells in the Background Network, we checked for monthly seasonality. Prior to analyses, we checked with each WMD to see if they objected to our seasonal breakdown (either 4 months or 12 months).  It turned out that not one person objected to our proposed breakdowns.  Also note that, based on our limited data, very few analytes displayed seasonality.  However, we did find that seasonality existed in water levels, temperature, and alkalinity; which may be partially dependent on temperature.  The influence of weather seasons may likely be the reasons that these three analytes displayed seasonality.  

One possibility of our lack of discovering seasonality may simply have to do with the low number of data points for each season.  Another possibility is, as you mentioned, is that we did not select the proper seasons.  Finally, it may mean that seasonality is not a major issue with regards to ground water, at least on a regional basis.  Over time, as more and more data are collected, the state will be able to make a more definitive conclusion.

You mentioned that, for the K-W test, the minimum number of data for each season should be five.  During our statistical evaluations, when this occurred, Minitab (the software used) flagged the problem.  Nevertheless, Minitab was able to conduct the test.  
The lack of sufficient data contributed to the relative few number of indications of differences in season median values (few number of indications of the presence of seasonality).  In the next draft, we will be sure to let the reader know when there was less than five data points for a K-W test.  In future we will indicate to the reader that the lack of seasonality for many of the analytes may be a result of insufficient data. 
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? 
Response – First, let me address the second sentence.  Yes, we used the + and – trend information in the tables.  

Regarding the first sentence, it causes me embarrassment.  We used the sign test extensively throughout the document, but only gave it “lip service” in an introduction of the test (p. 115).  We also did not discuss the test in Appendix E (Description of Statistical Methodologies).  We will definitely add sections regarding the sign test in the next draft. 
In brief, the sign test is useful for testing whether one random variable in a pair (X, Y) tends to be larger than the other in the pair.  For example, Conover (1999) states that it may be used to test for trend in a series of ordinal measurements.  The way we used it (e.g. for Sequence A) is as follows.  For a given analyte, each of the 58 springs was tested for a significant trend using the M-K test.  For a spring, if there was a significant positive trend, it was assigned a “+.”  If it had a significant negative trend, it was assigned a “-.”   If there was no evidence trend, it was assigned a “0”.   Now, if there is no evidence of statewide trend, the median value for all 58 springs is “0.”  That is, the number of negative trends should equal the number of positive trends.  For the sign test, if the number of positive (or negative) trends greatly exceeds the number of negative (or positive) trends, then the there is evidence of a trend.  As it turns out, the test is the oldest of all hypothesis tests.  It was first conducted in 1710 when it was used to determine if there was a nation-wide trend in population growth in England’s major cities. 
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 any analyte doesn’t cycle in these subjective periods 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? 
Response – Regarding most of this issue, I believe they were already discussed in your issue “4. FGS STATISTICAL TESTS.”  Thus, I believe the only sub-issue is, “Why didn’t you use the Seasonal Kendall?”  I agree with most authors that the seasonal Kendall test is the test of preference.  However, it has its own set of problems.  For example, Miller et al. (2003) mentioned the test requires, among other things, that censored (less than) data be no more than about 5% of the data set , and that there is only one censoring level.  Neither of these assumptions was always valid.  As a result, the data requirement, in terms of number of data points, was often more stringent than the use of the K-W test.  We will point out the pitfalls of both tests in future drafts.  In the future, as more data with better quality control becomes available, the Seasonal Kendall test should, and will probably, be used.

7. CAUSATION: Must treat spring individually rather than lumping statewide spring issues.  Possibly 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.”  
Response – Again, we should have done a better job in stating that causes of trends in individual springs have many potential causes.  Above you mention many possible causes.  In the next draft we will make a table and list as many possible causes as we can. Finally, and again, we feel justified in our statements that statewide trends did occur in Saline and Rock analytes. 
Explanation of dramatic “trends” needs more investigation/discussion p. 92 and Fig 40 p. 94. Not all spring 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 “over pumping”, 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  sink etc. connected to the spring.    Another variable that was not explored is that some springs are tidally influenced. 
Response – We are totally in agreement that not all springs have the same controlling variables. We discussed this issue often.  You made the following sub-comment.  “Not all springs were affected by “over pumping”, 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  sink etc. connected to the spring.”   We believe that our conclusion is defendable. The drought caused decreased aquifer potentials because of less recharge.  Because of less recharge during the drought and that the need for water continued to be important, ground-water withdrawals increased (Verdi et al. (2007).  At this stage of the game we cannot state that over pumping affected every spring.  I am sure it did not.  

For use in the document, we defined encroachment as being a natural process, and intrusion as a man-induced process.  The decreased recharge during the severe drought resulted in saline encroachment of our aquifers on a statewide basis.  Spring water quality and quantity supports the conclusion. 

You stated that, “Another variable that was not explored is that some springs are tidally influenced.”  Regarding this issue, on p. 176 we indirectly discussed this issue as a cyclic issue.  However, you bring up a good point and we will mention that tides can affect the cyclic nature of changes in spring water quality.  Thank you and we will also mention that this is a variable that needs further investigation.  Nevertheless, in spite of tidal influences, coastal springs demonstrated very significant trends in both Rock and Saline analytes. This is a very important issue and we discussed this issue on p. 161-164. 

8. GEOCHEMISTRY: Many of the major cations and anions that are used for this trend study may be controlled by the mean residence time ground water has – where concentrations are affected by the amount of time the ground water is in contact with the aquifer matrix.  Lag time between change in variable and gw chemistry at spring may be different.  This study is lacking a comparison of ground water levels and chemistry between related gw wells and spring in relation to the hydroperiod.  It may take years for gw to recover from these severe droughts.  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.  
Response – I believe we agree with your issue.  We mention that it may take a long time for ground water to recover from severe droughts. We also agree that there may be short or longer periods of time before land use changes start showing up in the springs.   
Because spring water is made up of both old and young water, time lags between “forcing factors” and a responses can vary considerably.  Data from our trend study indicated that spring water quality can have a relative short lag time between spring discharge and spring water quality.     Figure 2 demonstrates that changes can be as short as months. Again thanks and we will emphasize this point more in our future drafts. 
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 occurs 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.

Response – We agree that combining filtered and unfiltered analytical data is not the best way to check for trends.  Nevertheless, the study represented the first statewide evaluation for trends.  Although not desirable, if we did not use the combined form, we would not have been able to conduct an analysis.  Note that we recommended changes for future analysis.  In our future drafts of this report, we will elaborate in more detail as to why we did what we did.   
Regarding the issue of phosphorous or nitrate limited, we believe it is beyond the scope of this study to make that determination.  However, we will mention that it is a factor that needs to be considered.   
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 springs’s springshed needed to link the gw/sw interaction and examine effects of aquifer levels v. high and log flow.  For some springs, flow is not linear – cyclical and could be related to mood tides, tidal mixing zone etc. P. 88 or exponential due to drought.  Most charts have only linear.  No info on variance and best fit. 

Response – Most springsheds are not mapped very accurately. Also, the wells are Background Network wells and most are probably not located in springsheds.  Nevertheless, in the introduction (p. 16) we discussed why we included well trend analyses in this study.  Most Background wells tapped the uppermost portion of an aquifer.  Thus, ground-water trends in Background wells were caused by events in the shallow portions of both unconfined and confined aquifers.  Spring water, on the other hand, is from both the shallow and deep portions of aquifers.  The causes of trends in wells and in springs are caused by very different processes, and an understanding of the behavior of ground water trends in wells is as necessary as understanding trends in spring water.  In addition, we were developing analytical methodologies that could be used in future trend analyses studies.  We will better emphasize this point in the future.  Thank you. 

We disagree with you that spring flow in some springs is not linear and we responded to this in your issue 4 above.  Regarding variance, we indicate variance in the descriptive statistics portion of the report.    

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 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 increase ground temp.  EOS Transaction from American Geophysical Union.  Get info on episodic ppt. – and El Nino years i.e., 1997-98 winter had very high rainfall followed by drought that year. 
Response – Actually we did look at the Palmer Drought Index. However, Verdi et al., 2007 stated that there was a drought and discussed the effects of the drought for the period 1999-2003.  Because of the Verdi et al. publication, there was no need for us to go over the details of the drought, except for a brief introduction and reference to the aforementioned publication.

The authors did indicate that the region around the northern portion of the SWFWMD suffered the greatest from the drought.  Also as early as Figure 2 we depict how the effect of the drought varied across the state.  Thus, we believe we did point out that the drought was not homogeneous across the state.   Nevertheless, on a statewide basis, spring water quality responded to the drought.  The response was heterogeneous.    
You mentioned that ground (water) temperature went up over the past 30 – 40 years.  We like your possible explanation that less rainfall and more development was a potential cause of increasing ground water temperature. We will include this as one possible cause in our future drafts of the report. Thank you.

On p. 199-203, we discussed the influence of El Nino and La Nina. We will consider including more verbiage. 
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