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Figure 7.2. Flood frequencies in the Red River of the North Basin
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7.3. Flood frequencies in the Rainy River Basin

In two of the station (Sturgeon River near Chisholm, MN, and Little Fork River at
Littlefork, MN) in the Rainy River Basin, floods corresponding to 1, 2, 5, 10, and 25-yr floods
became lower in the 1986-2005 period (Figure 7.3 and Table 7.3). The decrease in magnitude of
1-yr flood was the largest and the rate of decrease became smaller as return period increased
(Table 7.3). In Basswood River near Winton, MN, magnitude of 1-yr flood became 19% lower in
the 1986-2005 period, but 2 to 25-yr floods became higher. In Rainy River at Manitou Rapids,
MN, magnitudes of 1 and 2-yr floods decreased with a rate of 47% and 19% respectively from
1946 to 2005 while 5, 10 and 25-yr floods increased by about 3-5% (Figure 7.3).

Overall, the flood frequency analysis indicated no increase in flood flows with 1- to 25-yr
return periods in the Rainy River Basin. Flood flows on two of the tributaries (Basswood River
and Little fork River) decreased, Flood flows on the mainstem (Rainy River at Manitou Rapids)
and one tributary (Sturgeon River near Chisholm, MN) remained unchanged. On average, flood
flows with 1- to 25-yr return periods were smaller in the 1986-2005 period compared to the
1946-1965 period. The median decreases were from 5% to 36% (average from 8 to 25%).

Table 7.3. Change (%) in flood flows in the Rainy River Basin from (1946-1965) to (1986-
2005).

Return Period
Gauging Station 1.01 2 5 10 25
Basswood River Near Winton, MN 19 -12 -21 -25 -29
Sturgeon River Near Chisholm, MN -47 -11 -4 -3 -3
Little Fork River at Littlefork, MN -46 -27 -18 -13 -7
Rainy River at Manitou Rapids, MN -27 -2 3 5 5
Median -36 -12 -20 -8 -5
Average -25 -13 -10 -9 -8
Standard Deviation 31 10 11 13 15
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Figure 7.3. Flood frequencies in the Rainy River Basin

7.4. Flood frequencies in tributaries to Lake Superior

Two tributaries to Lake Superior showed inconsistent patterns of changes (Figure 7.4 and
Table 7.4). At Pigeon River at Middle Falls, MN, the 1-yr flood flow increased (91%) in the
1986-2005 period, while the 2- to 25-yr flood flows decreased (range of 13% to 58%). In the St.
Louis River near Scanlon, MN, the 1- and 2-yr flood flows became lower (38% and 9%,
respectively), while the 10-yr and 25-yr floods became higher (4% and 8%, respectively). The 5-

yr flood did not show any change. Overall, no significant increase in flood flows was found from
the sparse data in the Lake Superior Basin.
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Table 7.4. Change (%) in flood flows in tributaries to Lake Superior from (1946-1965) to
(1986-2005).

Return Period

Gauging Station 1.01 2 5 10 25
Pigeon River at Middle Falls 91 -13 -33 -41 -48
St. Louis River at Scanlon, MN -38 -9 0 4 8
Average 26 -11 -17 -19 -20
Standard Deviation 91 3 23 32 40
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Figure 7.4. Flood frequencies in tributaries to Lake Superior

7.5. Flood frequencies in the Upper Mississippi River Basin

The flood frequency analysis predicted found no overwhelming changes in the 1- to 25-yr
return flood flows in the Upper Mississippi River Basin. Although the identified changes were
not consistent among all of the 11 stream gauging stations (Figure 7.5), some common patterns
are apparent.

On the Mississippi main stem, changes between 1946-1965 and 1986-2005 in annual
flood flows (1-year return period) varied from +51% (Grand Rapids,MN, to -9% Prescott,W1).
Flood flows with return periods of 2- to 25-years decreased at the three upstream stations (Grand
Rapids, Aitken, and Anoka, MN), showed only minor (almost 0%) change at the two stations in
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the middle reach (St. Paul,MN, and Prescott, WI), and an increase (between 2% for the 25-year
return period and 20% for the 2-year return period) at the most downstream station (Winona,
MN). The increases in flood flows at St. Paul and Winona, MN. for 2- to 25-year return periods
were in the range of 1% to 20%. In other words, there is no indication in increases of major flood
flows on the main stem of the Mississippi River.

On the five tributaries to the main stem the changes were relatively modest and mostly
negative, i.e. lower flood flows in the 1986-2005 period. For the annual (1-yr return period)
flood flow changes had a median of +26%. Floods with 2-year to 25-year return periods changed
between +25% and -18% at individual stations with median values from -1% to -6% depending
on the return period. The Crow River at Rockford had increased flood flows for all return periods
and the Rum River at St. Francis and the St. Croix River at Croix Falls,WI, had decreased flood
flows for all return periods above 2-years. The decreases in flood magnitudes were in the range
of 3% and 20% (Table 7.5)

Table 7.5. Change (%) in flood flows in the Upper Mississippi River Basin from (1946-
1965) to (1986-2005).

Return Period

Gauging Station 1.01 2 5 10 25
Mississippi River at Grand Rapids, MN 51 -1 -20 -30 -39
Mississippi River at Aitkin, MN 28 -14 -15 -12 -8
Crow River at Rockford, MN 26 25 14 6 -2
Rum River Near St. Francis, MN -14 -18 -18 -16 -14
Mississippi River Near Anoka, MN -3 -9 -11 -12 -14
Mississippi River at St. Paul, MN 11 13 8 5 1
St. Croix River at St. Croix Falls, WI -19 -17 -13 -10 -6
Mississippi River at Prescott, WI -9 0 0 -1 -2
Mississippi River at Winona, MN 16 20 13 8 2
Cedar River Near Austin, MN 82 -1 -3 -1 5
Des Moines River at Jackson, MN 80 17 1 -6 -13
Median 16 -1 -3 -6 -6
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Median (6 stations on the mainstem) 13 -5 -5 -6 -5
Median (5 tributaries) 26 -1 -3 -6 -6
Average 23 8 -1 -3 -4
Standard Deviation 34 15 12 11 12
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Figure 7.5a. Flood frequencies in the Upper Mississippi River Basin
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Figure 7.5b. Flood frequencies in the Upper Mississippi River Basin
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7.6. Summary of results from flood frequency analysis

Floods with 1- to 25-yr return periods (small to moderate floods) were calculated using
recorded stream flow data sets from 36 stream gauging stations in Minnesota for the two 20-year
periods (1946-1965) and (1986-2005). The flood frequency analysis showed that observed flood
flow characteristics in five river basins of Minnesota changed from 1946 to 2005, but the
patterns and magnitudes of changes are not consistent throughout Minnesota. Changes in flood
flows in the Rainy River Basin and the Lake Superior Basin had to be determined from a modest
data base, and the results showed no consistent or alarming change in flood flows with return
periods from 1- to 25-years. There are no definite patterns and the estimated changes are smaller
than in the other three river basins. In these three other and major basins in area (Minnesota
River, Red River of the North, and Upper Mississippi River Basins) changes were more

detectable.

The analysis provided the most consistent results for the Red River of the North Basin.
In this basin, magnitudes of 1-yr to 25-yr floods increased at all six stream gauging stations
between the two periods analyzed. In the Minnesota River Basin and the Upper Mississippi
River Basin, it was found that moderate increases in the magnitude of the most frequent and
lowest floods (1-year to 5-year return period) had occurred, while floods of rarer occurrence (10-
year and 25-yr return period) had decreased in the 1986-2005 period at many of the stream
gauging stations. With regard to the 10- and 25-year floods, the Red River of the North Basin,
and the upstream reach of the Minnesota River Basin (which together cover the northwestern
portion of Minnesota) therefore showed results opposite to those found in the Upper Mississippi
River and the lower Minnesota River Basins. In the Mississippi and lower Minnesota river
Basins there were far more stream gauging stations where the 10- and 25-year floods had
decreased in magnitude in the 1986-2005 period relative to the 1946-1965 period.

8. RESULTS - LOW FLOW FREQUENCIES

7-day annual (average) low flows corresponding to 2, 5, 10 and 20-year return periods
were calculated for the 1946-1965 and 1986-2005 periods. Table 8.1 provides the changes in low
flows from 1946-1965 to 1986-2005. We omitted the extreme values (i.e., values higher than

500%) from this table and provided the actual magnitudes of low flows in Appendix E.
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The most consistent and largest changes in low flows were observed in the Minnesota
River Basin. 7Q2, 7Q5, 7Q10, and 7Q20 values showed an increase at all stations from the 1946-
1965 to the 1986-2005 period. The changes were largest for 2-year 7-day annual (average) low
flows (most frequent low flows) and comparatively smaller for the 7-day annual (average) low
flows of rarer occurrence (corresponding to 5-, 10- and 20-yr return periods). The largest
changes in 7Q2, 7Q10 and 7Q20 values were observed at the Le Sueur River near Rapidan and
the largest change in 7Q5 was observed in the Redwood River near Redwood Falls.

Considerable changes in 7-day average low flows were also observed in the Red River of
the North and Upper Mississippi River Basins from the 1946-1965 to the 1986-2005 period. The
changes although not as large as the changes observed in the Minnesota River Basin followed a
similar pattern. In both river basins 7Q2, 7Q5, 7Q10, and 7Q20 values were larger in the 1986-
2005 period at the majority of the stations. The changes were largest for most frequent low flows
and smaller for rarer occurrence low flows.

Changes observed in the Rainy River Basin and Tributaries to Lake Superior were small
and variable.

The results of the low flow frequency analysis support the findings obtained from flow
duration curves and the analysis of 7-day annual (average) low flow occurrence in the earlier
sections of this report. The Minnesota River Basin, the Red River of the North Basin, and the
Upper Mississippi River Basin experienced bigger changes in low flows than the Rainy River

Basin and Tributaries to Lake Superior.

Table 8.1. Changes (%) in 7-day (average) low flows of 2-, 5-, 10-, and 20- year return
periods from 1946-1965 to 1986-2005.

Return Period (yr)

Stream/River Name 2 5 10 20
Minnesota River Basin

Whetstone River Big Stone City, SD 131 |63 33 11
Minnesota River at Ortonville, MN 159 |69 30 4
Chippewa River Near Milan, MN 209 | 191 197 |-
Minnesota River at Montevideo, MN 171 | 107 76 -

Yellow Medicine River Granite Falls, MN | 319 | 198 148 112
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Redwood River Near Marshall, MN 625 | 424 332 | 269
Redwood River Near Redwood Falls, MN | - - - -
Cottonwood River Near New Ulm, MN 145 | 52 56 -
Blue Earth River Near Rapidan, MN 117 |41 9 -13
Le Sueur River Near Rapidan, MN - - - 360
Minnesota River at Mankato, MN - 382 173 |61
Minnesota River Near Jordan, MN - - - -
Average 215 170 | 117 | 115
Standard Deviation 121 | 145 105 | 145
Red River of the North Basin

Red River of the North at Fargo, ND 27 | .86 100 |-
Buffalo River Near Dilworth, MN 81 24 4 i
Red Lake River at Crookston, MN 78 30 3 17
Red River of the North Grand Forks, ND 39 41 44 50
Red River of the North at Drayton, ND 124 |81 61 45
Roseau River Near Milung, MN 110 |64 40 29
Average 68 |26 |8 |25
Standard Deviation 50 54 53 26
Rainy River Basin

Basswood River Near Winton, MN 13 |14 14 15
Namakan River at outlet of Lac La Croix 39 23 13 5
Sturgeon River Near Chisholm, MN 82 51 18 13
Little Fork River at Littlefork, MN 9 10 9 7
Rainy River at Manitou Rapids, MN 5 5 4 5
Average 25 |15 |6 |-2
Standard Deviation 37 o4 12 11
Tributaries to Lake Superior

Pigeon River at Middle Falls -29 |- -54 -59
St. Louis River at Scanlon, MN -4 -93 -35 -
Average 16 |- aa |-
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Standard Deviation 18 i 13 i
Upper Mississippi River Basin

Mississippi River at Grand Rapids, MN 37 135 244 | 383
Mississippi River at Aitkin, MN 61 29 6 -
Crow River at Rockford, MN 373 | - - -
Rum River Near St. Francis, MN 66 59 54 51
Mississippi River Near Anoka, MN 24 16 12 8
Mississippi River at St. Paul, MN 31 14 1 -
St. Croix River at St. Croix Falls, WI 9 3 -2 -6
Mississippi River at Prescott, WI 25 10 1 -8
Mississippi River at Winona, MN 9 7 2 -4
Cedar River Near Austin, MN 227 | 128 79 43
Des Moines River at Jackson, MN -11 | -1 10 23
Average 77 |40 |41 |61
Standard Deviation 117 |51 76 132

9. DISCUSSION

In the Minnesota River, Red River of the North, and Upper Mississippi River Basins an
upward shift in stream flow rates appears to have occurred between 1946 and 2005. The 7-day
average low flow appears to have become significantly higher, but annual peak flows have also
increased at the majority of the stream gauging stations analyzed in these three basins. Annual
(1-year return period) flood flows seem to fit this trend also, but rarer floods with 10- or 25-year
return periods appear to have increased in magnitude only in the northwestern region of
Minnesota (Red river of the North and upper Minnesota River). In the Rainy River Basin and in
tributaries to Lake Superior, we found smaller and inconsistent changes in stream flow
characteristics from 1946 to 2005.

These results are consistent with previous studies by Changnon and Kunkel (1995),
Schilling and Libra (2003) in lowa and Gebert and Klug (1996) in Wisconsin. Changnon and
Kunkel (1995) found upward trends in flood flows that occur either in the warm-season (May-

November) or in the cold-season (December-April) in Minnesota. An analysis of historical
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stream flow records from 38 USGS stream gauging stations in Minnesota (Novotny and Stefan,
2007) showed significant upward trends in seven stream-flow statistics including mean annual
flows, peak and low flows, and number of days with high and low flows. Peak flows due to
rainfall and low flows throughout the year were found to be increasing, but regional differences
were pronounced. Stream flow changes in three river basins of Minnesota (Minnesota River,
Upper Mississippi, and Red River of the North) were significantly larger than in two other basins
(Rainy River and Lake Superior). This regional difference agrees with the findings of this study.

Although not an objective of this study, there are potentially multiple causes for the
changes or the lack of changes in the observed stream flows. Precipitation is one obvious
potential cause. An upward trend in precipitation in the midwestern region of the U.S. has been
documented (Karl et al., 1996; Lettenmaier et al., 1994). The increase in precipitation for
Minnesota was reported to be 10% to 20% per century (Karl et al., 1996). Heavy-precipitation
amounts in Minnesota (e.g., from 7-day precipitation events at the 1-yr recurrence level)
increased from 1921 to 1985 according to Changnon and Kunkel (1995). Novotny and Stefan
(2007) reported strong correlations between mean annual stream flow changes and total annual
precipitation changes. Figures 9.1 and 9.2 show annual average air temperature and annual
precipitation in 9 climate divisions of Minnesota for the 1917-2002 period (Novotny and Stefan
2007).
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Average Annual Air Temperature for 9 regions in Minnesota (10 year running
a7 average)
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Figure 9.1. Average annual air temperature for 9 climate divisions of Minnesota (10 year
running average) (from Novotny and Stefan 2007)
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Total annual precipitation for 9 regionsin Minnesota ( 10 year running
average)
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Figure 9.2. Total annual precipitation for 9 climate divisions of Minnesota (10 year running

average) (from Novotny and Stefan 2007)

We also calculated the trends in precipitation and air temperature in the nine climate
divisions of Minnesota (Figure 2.1) for the 1946-2005 period using a linear regression method.
Precipitation showed an upward trend for all nine divisions from 1946 to 2005 (Table 9.1). The
trends in precipitation in divisions 1, 5, 6, 7, 8, 9, and SD3 (South Dakota division 3) were
significant at the 0.1 level. The largest increase in precipitation was in division 9 (0.114 in yr™ or
2.89 mm yr™) and the lowest in division 3 (0.005 in yr™* or 0.13 mm yr'). Precipitation trends,
I.e., increases in precipitation, are more evident in the southern portions of the Minnesota. Air
temperatures also had an upward trend for the 1946-2005 period (Table 9.1). All trends, except
for divisions 3, 8, and SD4 (South Dakota division 4) were significant. The highest rate of
temperature increase was observed in division 6 (0.047 °F yr* or 0.026°C yr) and the lowest in
division 3 (0.005°F yr or 0.003°C yr). The rates of air temperature increase seem independent of
geographic location. The increase in division 6 is probably linked to urbanization (Twin cities

metropolitan area).

86




Table 9.1. Trends in precipitation and temperature from 1946 to 2005 (* indicates that the
trend is significant at the 0.1 level).

Climate | Trend in Precipitation | Trend in Temperature
Division (inyr?h CFyrh
1 0.060* 0.048*
2 0.032 0.035*
3 0.005 0.005
4 0.030 0.031*
5 0.068* 0.039*
6 0.079* 0.047*
7 0.072* 0.021*
8 0.094* 0.008
9 0.114* 0.030*
SD 3 0.077* 0.029*
SD 4 0.016 0.013
Wi 1 0.053 0.026*

Our analysis showed that the river basins which showed the largest increases in stream
flows drain climate divisions where significant increases in precipitation have been observed,
while the basins which show little or no change in stream flows drain climate divisions where
changes in precipitation have not been significant. For example, the drainage area of the
Minnesota River Basin includes the climate divisions 4, 5, 7, 8 of Minnesota (Figure 2.1) and
two climate divisions of South Dakota (SD 3, and SD4). Upward trends in precipitation were
observed in climate divisions 5, 7 and 8 and SD4. Climate division 1 had a significant increase in
precipitation, and covers the Red River of the North Basin. The Rainy River Basin and the Lake
Superior Basin drain climate divisions 2 and 3, where no significant increase in precipitation has
been recorded.

Changes in agricultural drainage and crop patterns can contribute significantly to changes
in stream flows. A study conducted in the LeSueur and Cottonwood River watersheds in the

Minnesota River Basin indicated that increases in baseflow, stormwater runoff, and 7-day low

87



flows after 1950s are most likely due to the intensification of agricultural drainage and corn and

soybean cultivation rather than climatic change (Ennaanay, 2006).

10. SUMMARY & CONCLUSIONS

We analyzed historical (1946 to 2005) flow records from 36 USGS stream gauging
stations in Minnesota to identify changes in flow characteristics over the period of record. Flow
duration curves, the occurrence of extreme peak and low stream flows, and flood and low-flow
frequencies were analyzed. The basic data were mean and peak daily flow data from 36 USGS
stream gauging stations (Table 3.1) located in five river basins of Minnesota (Minnesota River,
Rainy River, Red River of the North, Lake Superior, Upper Mississippi River Basins). From
these basic data, 7-day average low flows were extracted. The analysis period was 60 years, from
1946 to 2005. Because this study followed a previous study of Minnesota stream flows (Novotny
and Stefan, 2007) this study focused on changes in two distinct periods, one from 1946-1965,
and the other from 1986 to 2005. Most of the analysis was conducted on the data sets (7220 daily
and peak stream flows) for these two 20-year sample periods. The results can be summarized as

follows:

1) The largest stream flow changes were observed in the Minnesota River Basin, the Red
River of the North Basin, and the Upper Mississippi River Basin from 1946 to 2005. In
these river basins, low, medium, and high daily stream flows increased.

2) Magnitudes of floods, as exemplifies by the 25-yr floods, increased in the 1986-2005
period only in the Red River of the North and the Upper Minnesota River Basin. In all
other Basins the magnitude of the 25-year floods decreased or remained more or less the
same. Floods in Minnesota have often been due to snowmelt, sometimes combined with
rainfall.

3) The occurrence of peak stream flow events may have shifted somewhat during the 1946
to 2005 period, at least in the Minnesota River Basin and the Red River of the North
Basin. Six of the twelve stream gauging stations, all in the upper reaches of the
Minnesota River Basin, had more than the expected number of annual peak flow events
in the 1986-2005 period. In the Red River of the North Basin, up to 5 of 6 stations had

more than the expected number of annual peak flow events in the recent period (1986 to
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4)

5)

6)

7)

2005). In the Rainy River Basin and in tributary streams to Lake Superior the temporal
distribution of annual peak flow events does not seem to have changed. In the Upper
Mississippi River Basin the evidence of change is mixed: only 2 of 11 stream gauging
stations show a shift in the occurrence of the rarest peak flow events, but peak flows that
are in the top 10 have occurred more often at 6 of the 11 stream gauging stations on the
Upper Mississippi River in the recent period (1986-2005).

The 7-day average low flows were higher in the 1986-2005 period than in the 1946-1965
period. Frequent 7-day annual (average) lows flows (i.e., low flows with 2-yr return
period) increased more than the 7-day low flows of rarer occurrence (i.e., 20-yr return
period).

Of the five river basins analyzed, the Minnesota River Basin has experienced the largest
stream flow changes compared to the other four basins. In that basin high, medium, and
low flows increased significantly from the 1946-1965 period to the1986-2005 period. The
increases in Q5, Q50, and Q95 were on average 79%, 203%, and 148%, respectively. All
12 stations in this river basin had more than the expected number of 7-day (average) low
flow events in the 1986-2005 period. Frequencies of occurrence of 7-day annual
(average) low flows having 2 to 20 yr return periods were higher for all stations in the
recent period too. At about half of the stream gauging stations, more than expected
number of annual peak flow events was observed in the 1986-2005 period. Flood
frequency analysis showed that, on average, magnitudes of the 1-, 2-, 5-, 10- and 25-yr
floods increased by about 20 to 30%. The likely cause for these changes is not only the
change in precipitation (climate) but also the change in agricultural practices.

In the Red River of the North Basin, Q5, Q50, and Q95 increased on average 55%, 62%,
and 0%, respectively, from the 1946-1965 period to the1986-2005 period. All 6 stations
in this river basin had higher than expected 7-day average low flows in the 1986-2005
period. At about 60% of the stations, more than expected number of annual peak flow
events occurred in the 1986-2005 period. The 1-yr flood flow decreased on average about
20% while the 2-, 5-, 10- and 25-yr floods increased on the order of 30% to 60% in the
1986-2005 period.

In the Upper Mississippi River Basin, Q5, Q50, and Q95 increased on average 29%,
82%, and 435%, respectively, from the 1946-1965 period to the1986-2005 period. About
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60% of the gauging station in this river basin had higher than expected 7-day average low
flow events in the 1986-2005 period. An increase in the occurrence of peak flow events
was not found. The 1- and 2-yr flood flows became, on average, about 20% and 8%
higher, while the 5-, 10- and 25-yr flood flows did not change significantly in magnitude.

8) Changes in low, medium, and high flows in the Rainy River Basin and in tributaries to
Lake Superior from 1946 to 2005 were determined from a relatively sparse data base, and
were found to be lower (about 10 to 30%) compared to the other three basins.

9) There are potentially multiple causes for the changes or the lack of changes in the
observed stream flows. Precipitation and land use changes are two potentially major
causes for changes. Trends observed in precipitation data in the climate divisions of
Minnesota support the findings from the analysis of stream flow records. However, more

analysis is required to identify their roles individually.
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Appendix A: Flow Duration Curves for the exceedence of a given flow on Log-log plots

for the periods 1946 - 1965 and 1986 - 2005.
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Figure A.la. Flow Duration Curves for the Minnesota River Basin on Log-log plots.
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Figure A.1b. Flow Duration Curves for the Minnesota River Basin on Log-log plots.
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Figure A.2. Flow Duration Curves for the Red River of the North Basin on Log-log plots.
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Figure A.4. Flow Duration Curves for tributaries to Lake Superior on Log-log plots.
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Figure A.5a. Flow Duration Curves for the Upper Mississippi River Basin on Log-log plots.
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Figure A.5b. Flow Duration Curves for the Upper Mississippi River Basin on Log-log plots.
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Appendix B: Flow Duration Curves for the non-exceedence of a given flow on Log-log plots for the periods
1946 - 1965 and 1986 - 2005.
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Figure B.1la. Flow Duration Curves for the Minnesota River Basin on Log-log plots for non-exceedence of a given flow.
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Figure B.1b. Flow Duration Curves for the Minnesota River Basin on Log-log plots for non-exceedence of a given flow.
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Figure B.2.

Flow Duration Curves for the Red River of the North Basin on Log-log plots for non-exceedence of a given flow.
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Figure B.3. Flow Duration Curves for the Rainy River Basin on Log-log plots for non-exceedence of a given flow.
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Figure B.5a. Flow Duration Curves for the Upper Mississippi River Basin on Log-log plots for non-exceedence of a given flow.
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Figure B.5b. Flow Duration Curves for the Upper Mississippi River Basin on Log-log plots for non-exceedence of a given flow.
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Appendix C: Mean, standard deviation, skew coefficient, and weighted skew coefficients of log-transformed
stream flow data (log Q) for the 1946-1965 and 1986-2005 periods for 36 USGS stream gauging stations in
Minnesota.

Stream/River name 1946-1965 1986-2005
Weighted Weighted
Std. | Skew Skew Std. | Skew Skew
Mean | Dev. | Coeff. Coeff. Mean | Dev. | Coeff. Coeff.
Minnesota River Basin
Whetstone River Big Stone City, SD 3.08 | 0.47 | -0.78 -0.48 3.08 | 0.67 | -0.64 -0.43
Minnesota River at Ortonville, MN 2.88 | 0.29 | -0.30 -0.31 3.15 | 041 | -0.74 -0.47
Chippewa River Near Milan, MN 3.23 | 0.38 | 0.03 -0.12 346 | 0.39 | -0.21 -0.22
Minnesota River at Montevideo, MN 3.62 | 0.37 | 0.26 -0.02 3.77 | 042 | 049 0.06
Yellow Medicine River Granite Falls, MN | 3.27 | 0.44 | 0.30 0.00 322 | 036 | 054 0.08
Redwood River Near Marshall, MN 2.79 | 0.60 | -0.89 -0.47 294 | 041 | 048 0.04
Redwood River Near Redwood Falls, MN 321 | 053 | 0.35 0.04 331 | 0.36 | 057 0.11
Cottonwood River Near New Ulm, MN 3.62 | 040 | 0.25 0.03 3.68 | 0.35 | 0.28 0.04
Blue Earth River Near Rapidan, MN 391 | 0.36 | -0.04 -0.09 3.93 | 0.20 | -0.08 -0.11
Le Sueur River Near Rapidan, MN 351 | 0.61 | -0.90 -0.37 3.83 | 0.19 | 0.06 -0.05
Minnesota River at Mankato, MN 430 | 0.34 | 0.29 0.00 438 | 0.29 | 0.02 -0.11
Minnesota River Near Jordan, MN 431 | 0.36 | 0.20 -0.03 441 | 0.30 | 0.07 -0.08
Rainy River Basin

109



Stream/River name 1946-1965 1986-2005
Weighted Weighted
Std. | Skew Skew Std. | Skew Skew
Mean | Dev. | Coeff. Coeff. Mean | Dev. | Coeff. Coeff.
Basswood River Near Winton, MN 3.67 | 0.26 | -0.30 -0.06 3.61 | 0.20 | -0.24 -0.04
Namakan River at outlet of Lac La Croix
Sturgeon River Near Chisholm, MN 3.02 | 0.23 | 0.75 0.27 296 | 0.28 | -0.47 -0.18
Little Fork River at Littlefork, MN 4.00 | 0.19 | -0.55 -0.35 3.87 | 0.25 | -0.29 -0.25
Rainy River at Manitou Rapids, MN 454 | 0.17 | -0.39 -0.35 452 | 0.21 | -1.08 -0.56
Red River of the North Basin
Red River of the North at Fargo, ND 3.62 | 0.33 | -0.06 -0.23 3.80 | 0.38 | -0.51 -041
Buffalo River Near Dilworth, MN 323 | 0.31 | 0.13 -0.16 331 | 0.37 | -0.19 -0.29
Red Lake River at Crookston, MN 391 | 0.31 | -0.65 -0.52 392 | 0.37 | -1.01 -0.63
Red River of the North Grand Forks, ND 423 | 030 | -0.41 -0.43 441 | 0.37 | -0.55 -0.49
Red River of the North at Drayton, ND 431 | 031 | -0.29 -0.40 443 | 0.35 | -0.69 -0.56
Roseau River Near Milung, MN 3.20 | 0.33 | -0.23 -0.39 3.27 | 0.50 | -0.85 -0.63
Streams Tributary to Lake Superior
Pigeon River at Middle Falls 3.61 | 0.27 | -0.84 0.03 3.55 | 0.13 | -0.06 0.26
St. Louis River at Scanlon, MN 426 | 0.14 | -0.01 -0.01 421 | 0.20 | -0.59 -0.22
Upper Mississippi River Basin
Mississippi River at Grand Rapids, MN 345 | 0.20 | 1.68 0.25 343 | 0.10 | -0.13 -0.14
Mississippi River at Aitkin, MN 3.93 | 0.17 | -0.45 -0.31 3.88 | 0.14 | 0.05 -0.11
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Stream/River name 1946-1965 1986-2005
Weighted Weighted

Std. | Skew Skew Std. | Skew Skew
Mean | Dev. | Coeff. Coeff. Mean | Dev. | Coeff. Coeff.
Crow River at Rockford, MN 3.60 | 0.38 | -0.18 -0.18 3.68 | 0.35 | -0.95 -0.44
Rum River Near St. Francis, MN 3.61 | 0.28 | -0.67 -0.39 353 | 0.28 | -0.67 -0.39
Mississippi River Near Anoka, MN 450 | 0.21 | 0.25 -0.02 446 | 0.20 | 0.17 -0.05
Mississippi River at St. Paul, MN 466 | 0.25 | 0.69 0.13 470 | 0.23 | 0.18 -0.05
St. Croix River at St. Croix Falls, WI 443 | 0.18 | -0.46 -0.30 436 | 0.20 | 0.11 -0.07
Mississippi River at Prescott, WI 483 | 0.22 | 0.69 0.13 483 | 0.22 | 0.20 -0.04
Mississippi River at Winona, MN 495 | 0.21 | 0.68 0.12 501 | 0.19 | -0.23 -0.21
Cedar River Near Austin, MN 3.60 | 0.36 | -1.37 -0.55 3.63 | 0.32 | 0.29 -0.05
Des Moines River at Jackson, MN 331 | 0.38 | -0.13 -0.15 3.38 | 0.31 | -0.14 -0.15
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Appendix D: Floods (in cubic feet per second) with 1-, 2-, 5-, 10-, and 25-year return periods for (1946-1965)
and (1986-2005)

Return Period 1.01 2 5 10 20

1946- | 1986- 1946- 1986- 1946- 1986- 1946- 1986- 1946- 1986-
Stream/River Name 1965 | 2005 1965 2005 1965 2005 1965 2005 1965 2005

Minnesota River Basin

Whetstone River Big Stone

. 65 20 1,305 1,341 3,048 4,521 4,535 8,037 6,693 | 14,210
City, SD

Minnesota River at

. 136 140 780 1,450 1,338 3,163 1,741 4672 2,274 7,016
Ortonville, MN

Chippewa River Near Milan,

MN 205 308 1,716 2,951 3,529 6,113 5,094 8,779 7,486 | 12,745

Minnesota River at

] 569 638 4,199 5,785 8,584 13,189 | 12,453 | 20,411 | 18,495 | 32,645
Montevideo, MN

Yellow Medicine River

Granite Falls, MN 176 254 1,863 1,645 4,378 3,330 6,842 4,846 | 11,012 | 7,262

Redwood River Near

Marshall, MN 16 97 687 857 1,999 1,919 3,300 2,937 5,401 4,633

Redwood River Near

Redwood Ealls, MN 100 319 1,597 1,989 4,445 4,014 7,624 5,847 | 13,594 | 8,785

Cottonwood River Near New | 509 755 4,196 4,752 9,100 9,382 | 13,674 | 13,430 | 21,139 | 19,730
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Ulm, MN

Blue Earth River Near

) 1,093 | 2,765 8,169 8,496 16,349 | 12,471 | 23,332 | 15,170 | 33,937 | 18,638
Rapidan, MN
Le Sueur River Near
] 84 2,399 3,518 6,821 10,720 9,862 18,292 | 11,935 | 31,250 | 14,607

Rapidan, MN
Minnesota River at Mankato,
MN 3,240 | 4,669 19,857 24,082 38,216 | 42,179 | 53,789 | 56,152 | 77,418 | 75,845
Minnesota River Near

2,876 | 4,882 20,429 25,980 40,995 | 46,318 | 58,838 | 62,320 | 86,335 | 85,208
Jordan, MN
Red River of the North Basin
Red River of the North at

640 634 4,297 6,734 7,929 13,441 | 10,479 | 18,667 | 14,702 | 25,882
Fargo, ND
Buffalo River Near Dilworth,
MN 292 238 1,722 2,109 3,112 4,159 4,195 5,797 5,725 8,127
Red Lake River at

1,178 772 8,554 9,064 14,801 | 17,286 | 19,083 | 23,104 | 24,427 | 30,447
Crookston, MN
Red River of the North

2,767 | 2,655 17,957 27,591 30,836 | 53,260 | 39,822 | 724,411 | 51,297 | 97,779
Grand Forks, ND
Red River of the North at

3,145 | 2,990 | 21,360 28,983 37,516 | 53,672 | 49,062 | 71,181 | 64,110 | 93,460
Drayton, ND
Roseau River Near Milung,

213 75 1,669 2,117 3,067 5,083 4101 7,534 5,481 10,956

MN
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Rainy River Basin

Basswood River Near

. 1,148 | 1,370 4,705 4,131 7,713 6,111 9,954 7,485 | 13,036 9,283
Winton, MN
Namakan River at outlet of
. 186 920 1,558 2,029 2,669
Lac La Croix
Sturgeon River Near
Chisholm, MN 351 186 1,034 920 1,624 1,558 2,085 2,029 2,749 2,669
Little Fork River at
Littlefork, MN 3,157 | 1,704 | 10,311 7,517 14,733 | 12,032 | 17,500 | 15,176 | 20,809 | 19,249
Rainy River at Manitou
. 12,231 | 8,915 | 35,304 34,666 48,576 | 50,052 | 56,650 | 59,209 | 66,124 | 69,611
Rapids, MN
Tributaries to Lake Superior
Pigeon River at Middle Falls | 970 | 1,847 | 4,081 3,534 6,914 | 4631 | 9122 | 5376 | 12,270 | 6,342
St. Louis River at Scanlon,
MN 8,582 | 5,286 | 18,156 16,468 23,793 | 23,757 | 27,399 | 28,502 | 31,843 | 34,385
Upper Mississippi River Basin
Mississippi River at Grand
. 1,044 | 1,579 2,750 2,723 3,270 3,270 3,587 3,587 3,952 3,952
Rapids, MN
Mississippi River at Aitkin,
MN 2,686 | 3,427 8,939 7,644 10,057 | 10,057 | 11,570 | 11,570 | 13,406 | 13,406
Crow River at Rockford, MN | 459 | 577 | 4,002 5,097 9549 | 9,549 | 12,845 | 12,845 | 17,219 | 17,219
Rum River Near St. Francis,
750 646 4,235 3,457 5,811 5,811 7,535 7,535 9,854 9,854

MN
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Mississippi River Near

10,138 | 9,804 | 31,809 29,082 42,638 | 42,638 | 51,960 | 51,960 | 64,059 | 64,059
Anoka, MN
Mississippi River at St. Paul,
MN 12,760 | 14,209 | 44,880 50,556 79,154 | 79,154 | 99,827 | 99,827 | 127,655 | 127,655
St. Croix River at St. Croix
Falls. WI 9,371 | 7,607 | 27,641 22,941 33,700 | 33,700 | 41,077 | 41,077 | 50,628 | 50,628
Mississippi River at Prescott,
Wi 22,211 | 20,157 | 67,201 67,369 | 103,363 | 103,363 | 129,049 | 129,049 | 163,307 | 163,307
Mississippi River at Winona,
MN 29,573 | 34,284 | 87,260 104,579 | 150,070 | 150,070 | 179,634 | 179,634 | 216,256 | 216,256
Cedar River Near Austin,
MN 408 | 4,338 4,338 8,244 8,244 | 11,066 | 11,066 | 14,702 | 14,702 | 15,422
Des Moines River at

239 | 2,108 2,108 4,369 4,369 6,316 6,316 9,281 9,281 8,055

Jackson, MN
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Appendix E: 7-day (average) low flow (in cubic feet per second) with 2-, 5-, 10-, and 20-year return periods
for (1946-1965) and (1986-2005)

7Q2 7Q5 7Q10 7Q20

1946- 1986- 1946- 1986- 1946- 1986- 1946- 1986-
Stream/River Name 1965 2005 1965 2005 1965 2005 1965 2005
Minnesota River Basin
Whetstone River Big Stone City, SD 299 690 221 360 189 251 166 184
Minnesota River at Ortonville, MN 192 498 140 236 119 155 104 108
Chippewa River Near Milan, MN 11 35 4.99 14.5 3.05 9.05 - 6.1
Minnesota River at Montevideo, MN 29 79 16.2 33.6 11.9 21 - 14
Yellow Medicine River Granite Falls, MN 9 39 5.37 16 3.96 9.83 3.06 6.5
Redwood River Near Marshall, MN 2 15 1.11 5.82 0.75 3.24 0.52 1.92
Redwood River Near Redwood Falls, MN 1 6 0.14 3.54 0 2.65 0 2.1
Cottonwood River Near New Ulm, MN 3 6 1.57 2.39 091 1.42 0 0.91
Blue Earth River Near Rapidan, MN 51 110 32.7 46.1 25.4 21.7 20.3 17.6
Le Sueur River Near Rapidan, MN 8 78 3.68 30 2.52 15.8 1.87 8.61
Minnesota River at Mankato, MN 1 5 0.28 1.35 0.22 0.6 0.18 0.29
Minnesota River Near Jordan, MN 0 5 - 1.55 - 0.77 - 0.41
Red River of the North Basin
Red River of the North at Fargo, ND 2 1.3 0.51 0.07 0.2 0 0 0
Buffalo River Near Dilworth, MN 460 834 277 344 209 201 - 124
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Red Lake River at Crookston, MN 457 814 276 358 210 217 167 139
Red River of the North Grand Forks, ND 216 301 93.9 132 57.9 83.5 37.8 56.7
Red River of the North at Drayton, ND 12 28 8.43 15.3 6.75 10.9 5.54 8.02
Roseau River Near Milung, MN 82 173 42.1 68.9 28.6 40 20.4 24.8
Rainy River Basin

Basswood River Near Winton, MN 5450 4720 4330 3740 3850 3310 3500 2990
Namakan River at outlet of Lac La Croix 77 107 59.3 72.8 51 S57.7 44.7 46.8
Sturgeon River Near Chisholm, MN 13 23 9.85 14.9 8.58 10.1 7.65 6.68
Little Fork River at Littlefork, MN 1270 1390 966 1060 838 911 744 795
Rainy River at Manitou Rapids, MN 357 377 221 231 161 168 119 125
Tributaries to Lake Superior

Pigeon River at Middle Falls 82 58 63.7 396 56.6 26.3 51.7 21.2
St. Louis River at Scanlon, MN 681 657 524 34.4 446 289 - -
Upper Mississippi River Basin

Mississippi River at Grand Rapids, MN 289 396 110 259 60.8 209 35.4 171
Mississippi River at Aitkin, MN 2750 4440 2180 2810 1930 2040 - -
Crow River at Rockford, MN 3 14 0.04 2.63 0 0.82 0 0.04
Rum River Near St. Francis, MN 38 63 31.3 49.7 28.3 43.7 26.1 39.3
Mississippi River Near Anoka, MN 9740 12100 7970 9230 7110 7940 6440 6980
Mississippi River at St. Paul, MN 5450 7130 4630 5260 4280 4310 4020 -
St. Croix River at St. Croix Falls, WI 1650 1800 1440 1490 1350 1320 1280 1200
Mississippi River at Prescott, WI 2570 3200 1940 2140 1660 1670 1440 1330
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Mississippi River at Winona, MN 147 160 98.2 105 81.5 82.9 70.6 67.5
Cedar River Near Austin, MN 34 112 21.8 49.6 17.4 31.1 145 20.8
Des Moines River at Jackson, MN 1030 920 587 583 418 460 308 379
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I. Minnesota lake water quality on-line database and visualization tools for exploratory
trend analyses

A. Background

Warming temperatures have been shown to have negative environmental impacts in both lakes
and streams. In lakes, warmer temperatures may increase temperatures in the upper mixed layer
(epilimnion) enough to affect algal, aquatic plant, invertebrate and fish communities. The IPCC
analysis for the Upper Midwest (cite ...p 117-122) suggested the following potential
consequences of increased water temperatures due to increased air temperatures:

Earlier and longer period of density/thermal stratification in summer in deeper
lakes, leading to longer periods of hypolimnetic “stagnation’ and isolation from
atmospheric oxygen mixing into the epilimnion. This can lead to the increased
duration and magnitude of oxygen depletion in the hypolimnion, increasing the risk
of developing a ‘dead zone’ and associated fish kills.

These consequences were in part based upon more detailed models developed to predict potential
climate change effects on Minnesota lakes (Stefan et al. 1993; Stefan et al. 2001; Fang and
Stefan 1999).

In such cases, this increased duration of stratification can reduce oxygen inputs to bottom layers,
increasing the risk of oxygen-poor or oxygen-free “dead zones” that will stress or kill fish and
other organisms. In culturally nutrient-enriched lakes in particular, enhanced oxygen depletion
would also be expected to increase phosphorus diffusion from bottom sediments leading to larger
injections of bio-available phosphorus during periods of intermittent mixing in spring and
summer, and during fall turnover. Such sudden inputs of P typically lead to large blooms of
algae, in some cases producing noxious scums and increased likelihood of cyanobacterial (i.e.
“bluegreen algae”) toxins (e.g. MPCA 2007). Oxygen depleted bottom waters also are
characterized by increased concentrations of chemically reduced nitrogen (ammonium-N) and
sulfur (hydrogen sulfide); both can be toxic to fish and other aquatic animals at concentrations
that often are found in such lakes, and the injection of ammonium along with phosphate into the
epilimnion during mixing usually leads to more algal growth than would P alone. In lakes with
contaminated sediments, warmer water and low-oxygen conditions may act to mobilize mercury
and other persistent pollutants, potentially increasing health hazards for animals that eat fish
from the lakes, including humans (e.g. Dodds 2002, Stefan et al. 2001, MPCA 2004). Poff et al.
(2002) and Kling et al. (2003) list specific impacts to lakes that include an increase in nuisance
algae, the reduction of fish habitat with the warming of lakes, and changes in runoff (both
increases and decreases), that will in turn affect lake levels, and finally, expansion and
contraction of aquatic species ranges.

The Water Quality component of the project was included in the following main objective:
Summarize the follow variables in lakes and streams:

(1) lake transparency (secchi depth);
(2) lake chlorophyll (a measure of algal abundance);




(3) lake total phosphorus (and nitrogenous nutrients when available);

(4) lake levels (see Appendix B);

(5) Stream flows, specifically annual mean flow, annual maximum flow, annual minimum
daily low, and mean monthly flow (see Appendix D);

(6) Timing of stream flows, such as date of annual maximum daily flow, date of spring
maximum daily flow, date of spring freshet (initiation of the spring/snowmelt runoff), date
of annual minimum daily flow (see Appendix D); and

(7) Other ancillary water quality parameters, including temperature and total dissolved
solids / specific conductance, dissolved oxygen, DOC/color, pH/alkalinity, TSS/turbidity

These parameters were selected for two reasons: a) their direct linkage to climate; and b) their
potential direct impact on water quality and ecology (see Proposal Appendix A). Influences of
land use changes, e.g. urbanization or agricultural use, have to be acknowledged, and to the
extent possible based on funding limitations, will be taken into account in the interpretation of
the results.

B. Lake Water Quality Trends Specific Objectives

The amount of lake water quality data that has been collected for Minnesota lakes is enormous
and therefore, a series of meetings were held with project partners to distill down the scope of
this task based on available funding to:

1) Compile existing water quality data from lakes with long ice-out records to test for
statistical associations;

2) Compile water quality data from lakes with >15 years of at least one water quality
parameter and perform exploratory trend analyses on all available parameters.

As the project proceeded, using a third component became possible as a result of tools developed
from other non-LCCMR funded projects:

3) Develop an on-line Google-map based website for summarizing and presenting the results
of the exploratory statistical analyses to allow other investigators to better visualize the data. The
Water Quality Trend Tool would be a prototype for a MPCA and MDNR to consider for
improving public access and understanding of water quality data.

C. Methods

1). Data compilation: Data from MPCA STORET files was re-organized and summarized in
various ways (see below) in preparation for determining statistical associations with ice-out and
ice-on data that was being compiled as a separate component of the overall project. With help
from MPCA, we began by compiling data for an initial set of 26 lakes with long-term ice-out
records compiled by co-P1 V. Card. This set of lakes was then augmented to include an
additional set of ~255 lakes for which ice-out records had been compiled. However, since the
ice-out record lakes set had no a priori relationship to the amount of water quality data available
for these lakes, we examined a larger set of lakes that contained at least 15 years of data for at
least one parameter. This generated a set of 560 Minnesota lakes which ultimately grew to total



638 lakes totaling 1.9 million data records as other data bases were discovered that included
quality assured data. Several water quality data sets were investigated, including those from
MPCA (EDA), EPA (STORET), DNR Fisheries, Metropolitan Council, and our own (NRRI-
UMD) cooperative work with Itasca County and Three Rivers Park District.

2). Water quality variables: Measured parameters comprise a primary Core Suite that includes
the field sensor parameters that typically determine a meter-by-meter depth profile of
temperature, dissolved oxygen (and a calculated percentage oxygen saturation), specific
electrical conductivity (EC25, that estimates total salt/ion concentrations), and pH; and water
clarity estimated by Secchi disk depth. Lake level is also considered to be a Core parameter, but
trends in lake level were analyzed as a separate TASK by co-PI H. Stefan’s group for the overall
project (see Appendix B for details). A second group of Advanced Suite parameters includes
most of the other "routine” water quality variables such as chlorophyll (in lakes), nutrients
(nitrogen and phosphorus in its limnologically relevant forms), dissolved and total organic
carbon and/or color, SiO,, Hardness, the major anions (ANC/alkalinity, SO, Cl) and the major
cations (Ca, Mg, Na, K). These classifications derive from the Vital Signs program used by the
National Park which was used by NRRI-UMD to structure analyses of historical water quality in
the Great Lakes Network of National Parks (Axler et al. 2005, 2006; Pennoyer 2003). It is useful
since there will be many more Core than Advanced Suite data available for Minnesota lakes and
streams.

3). Data quality assurance was assumed to have been properly completed prior to being stored
in the MPCA EDA (Electronic Data Access) data base and EPA’s STORET databases. However,
numerous erroneous and anomalous values were uncovered during initial data screening that
involved visually inspecting the data for outliers due to either entry error or changes in method
detection limits. Outliers were identified based on best professional limnological judgment by
NRRI staff and PI. In most cases, the problem was clearly due to a typographic error and was
corrected. Ultimately, these outliers were either deleted from the data set used for statistical
analyses, or allowed to remain in the database for lack of evidence to reject them. For some data

we made assumptions about sampling depths based on maximum depths (Zmax) taken from MN
DNR morphometry data available on the agency’s Lake Finder website

(http://www.dnr.state.mn.us/lakefind/index.html). Water quality parameter terminology follows
standard limnological procedures (e.g. APHA 2003).

4). Depth strata: After data were manually reorganized and sorted into spreadsheets, a
computer program was developed to automate the computation of depth stratum mean values,
tabulation of data summaries, graphical presentation, and export to trend analysis software.

Each parameter from each site was averaged for all sampling dates and sampling periods for the
following depth strata; Om (surface values), 0-2m, 3-5m, 6-8m, 9-11m, 12-14m, 15-19m, 20-
24m, 25-29m, 30-34m, etc. Strata were chosen for limnological reasons as well as data
availability for the deeper strata in order to facilitate analyses of epi- meta- and hypolimnetic
waters as manageable, but limnologically relevant “habitats” within a lake. These strata were
selected to accommodate comparisons of lake trends across climatic regions and across groups of
lakes classified by maximum depth. For example, our visual inspection of temperature and
dissolved oxygen (DO) profiles from many shallow and deep, and productive and unproductive
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lakes has indicated that the strata 0-2, 3-5, 6-8 and 9-11m should capture the key seasonal and
depth changes in temperature and DO for most lakes and eliminate the need for meter by meter
comparisons of profiles. This also would eliminate about one third of the statistical analyses
needed:

o [0-2m] - near-surface water in the mixed layer (epilimnion) where surface scums of algae
can lead to supersaturated DO; averaging data from 0, 1 and 2m should also facilitate
comparisons with chlorophyll and water chemistry measurements which have mostly been
collected using 2m integrating tube samplers over the past 20 years.

o [3-5m] and [6-8m] — near-bottom water in polymictic shallow lakes (~4-8m bottom depth)
and the thermocline region in stratified lakes whether the stratification persists throughout the
ice-free growing season or not.

o [9-11m] - sub thermocline (uppermost hypolimnion) for most stratified lakes; may also be
near-bottom for many lakes.

o [?-?] — undetermined for deeper hypolimnion strata. These analyses will likely focus on
specific lakes within the set of ~ 255 lakes for which ice records exist.

o depth of the mixed layer (epilimnion depth for thermally stratified lakes); mean and
maximum

o thermocline depth for stratified lakes - defined by the maximum temperature gradient with
depth where the value exceeds 1 °C/meter (and 0.7 °C/meter); mean and maximum

o depth of anoxia — defined by DO < 1 mgO,/L; mean and maximum depth of acute warm,
cool and cold water fish stress defined by values of 3 mgO.,/L, 5 mgO-/L, and 7 mgO./L,
respectively; these values are used as water quality criteria by the MPCA in various sections
of Chapter 7050 (e.g. http://www.revisor.leg.state.mn.us/arule/7050/0222.html 7050.0222
SPECIFIC STANDARDS OF QUALITY AND PURITY FOR CLASS 2 WATERS OF THE
STATE; AQUATIC LIFE AND RECREATION and
http://www.epa.gov/waterscience/standards/wgslibrary/mn/mn_5_0150.htm 7050.0216
REQUIREMENTS FOR AQUACULTURE FACILITIES. As with temperature data,
analyses will likely focus on specific lakes within the set of ~ 255 lakes for which ice records
exist.

The statistics for each layer were calculated using the average of the daily averages within each
time period. Note that stratum averages were not volumetrically weighted and only represent
water column means for a site in the deepest portion of the lake.

5). Detection limit issues: We also needed to develop a set of “rules” for incorporating data
listed as below detection into the database. This was particularly important for low nutrient lakes.
There were two possibilities in the “raw” dataset extracted from the MPCA database -- "*Non-
detect” and "*Present <QL", where QL is the Quantitation Limit for which the follow rules were
adopted:
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o If the record contains a value for “MinDetectLimit”: use MinDetectLimit/2

o If the record contains a value for “MinQuantLimit”: use MinQuantLimit/6

o Otherwise skip the record “for now”; we intend to examine this dataset more closely to see
how important these deletions are to the results of the nutrient trends analyses.

6). Secondary parameters: In addition to the primary set of Core and Advanced suite water
quality variables, several secondary, calculated parameters were generated for trend analysis:

o The Carlson Trophic State Index (TSI) was included because of its regulatory and
management importance to lakes in Minnesota and its wide use in general. The index is
actually three calculations based on midsummer secchi depth, surface TP and surface
chlorophyll-a_concentrations (details below in the Metadata).

o Algorithms were developed to calculate thermocline depth and the rate of change, or
gradient, of temperature at the thermocline for over 500 lakes in the database since these are
potentially important indicators of thermal trends in lakes. Thermal stratification and its
stability (i.e. strength) act to structure habitat for aquatic organisms. This effort is also
important because it provides a prototype for new calculated MPCA EDA (Electronic Data
Access) thermal parameters since field temperature profiles are now simply entered into the
database without further analysis.

o A third set of parameters compiled for each lake includes the various morphometric
characteristics (e.g. surface area, maximum depth, mean depth, lake area to watershed area
ratio, fetch, shoreline development, relative depth, et al.) as well as spatial classifications such
as climate region and ecoregion.

7). Time intervals: Since this initial phase of the Climate Change project was intended to be
exploratory, it was decided that trend analyses should be performed for a variety of potentially
useful periods that could be used to characterize a particular year. For example, the MPCA has
long requested Citizen Lake Monitoring Program (CLMP) volunteers, the group that has
collected most of Minnesota’s long-term Secchi disk water clarity data, to focus their
measurements from June 15 — September 15. Therefore, all data within this time frame can be
averaged to generate a single value for a particular year as has been routinely done by the agency
for many years. Alternatively, a set of monthly or bimonthly mean values could be calculated
and then analyzed singly for the year or considering their within-year variation. A monthly
average for August, when algal biomass is usually thought to be at its peak could be useful to
examine in comparison to weather patterns either at that time or perhaps over a longer period to
include the contribution of spring runoff to the lake’s nutrient loading. Similar arguments can be
made for other ice-free months, or for any particular month, or two or three month period for that
matter.

Limnological researchers have also used several different time periods and methods for
generating annual averages, the most common periods perhaps being entire calendar year or the
USGS Water Year defined as Oct 1 —Sep 30 of the following year, the summer (defined by the
calendar season, or Jun-Aug, or Jun-Sep), or the ice-free season which on average could
reasonably be defined as May through Oct (R.Axler, personal observations). Therefore, data was



compiled in a manner that would allow analyses to be performed using any or all of these time
intervals. Consideration was also made of the potential for biasing averages if sampling was not
spread evenly over a given interval and further statistical considerations of this issue are
discussed below.

Initial examination of exploratory analyses focused on the following four time intervals:
o All data for the entire calendar year

o May through October 15, corresponding to the vast majority of the “ice-free growing
season” for most lakes and most years.

o June 15 — September 15; the summer period as defined by MPCA for its Citizen Lake
Monitoring Program (CLMP), CLMP-Plus, and most of its Lake Diagnostic studies. At least
4 monthly surveys will be required for this data set.

o June 1 — September 30; the “summer” as defined in Minnesota Rules, Chapter 7050,
7050.0150 DETERMINATION OF COMPLIANCE WITH WATER QUALITY
STANDARDS AND WATER QUALITY CONDITION
(http://www.epa.gov/waterscience/standards/wagslibrary/mn/mn_5_0150.htm )

o A midsummer window for some specified July — August period that is selected to
maximize our use of data for a lake even if there was only a single survey for a year.

8). Trend analyses: Trends and trend rates over time were determined using the Seasonal
Kendall Trend Analysis software developed by the U.S. Geological survey (2005; Computer
Program for the Kendall Family of Trend Tests, Dennis R. Helsel, David K. Mueller, and James
R. Slack SIR 2005-5275, U.S. Geological Survey; available at
http://pubs.usgs.gov/sir/2005/5275 ) that allow for trend analyses both seasonally and regionally.
The main advantage of the seasonal Kendall trend test is that it is a non-parametric, rank-based
procedure suitable for non-normally distributed data, censored data, data containing outliers, and
non-linear trends (Helsel et al. 2005; Helsel and Hirsch 1992; Hirsch and Slack 1984).

Sites were initially identified sites as "Qualifying" if they had records from at least 5 different
years and with a level of significance of p < 0.1 for either a positive or negative trend over time.
Additional exploratory trend summaries with accompanying mapping tools were generated for p
< 0.05 and lakes having more years of data (8, 12 and >18 years).

It should be noted that in order to have been included in the original data set for which trend
analyses were performed, a lake had to have “some” data for at least 15 different years and in
virtually all cases, this long-term monitoring parameter was secchi depth clarity. Data records for
all other parameters were considerably sparser.

9). Data, analyses, and visualization options: Mapping tools were added for retrieving and
displaying trend data including a search tool for lakes; ecoprovince, ecoregion and county
boundary overlays; selection options for the long-term “Ice Out” lakes and for the new
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DNR/MPCA SLICE (i.e. sentinel) lakes. A comprehensive subproject website was constructed to
make the trend results available to other project scientists. Our Minnesota Lake Trends website:

Minnesota Lake Trends Analyses website: http://mnbeaches.org/gmap/trends

includes “processed raw” data, complete metadata, summary tables, links to Google maps that
identify sites with descriptive statistics, and graphs (box and whisker and regressions). Detailed
metadata were also created for the website and are included below.

The data are also incorporated into the larger project database that is now being used for more
detailed examinations of geographic patterns, size and depth patterns, and associations with fish,
macrophyte, weather, and ice cover data.

D. Results
1). Trend analyses: All statistical information is indexed at

http://mnbeaches.org/gmap/trends/results/avg/index.html via a table with hyperlinks to specific
statistical analyses (Figure 1). “Seasons”

define how the data are averaged- For Figure 1. MN Lake Trends - Seasonal Kendall Results
example, a one (1) season analysis Thosefosuls wore clelted b 1t veroging o rsuls o ach lyer b Gr,
computes the median of all data for a Go to Metadata for detals.
particular interval during the year, such as o o ne oae [ 202 T 318 (0| 22
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. L L peryear efiNtion o1 p<0.05 p<0.05 :2';5‘5 p"i‘; :5 p<0.01 :2‘; :1
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H H H Aug16 - Sep15
order to account for this potential bias, Temom = = ===
several additional “seasons” were defined, 1 [Jums-Septs | X X X | X | X | X | X
in particular the 3-“season” summer field : P f f f f f f f
season period that groups data into one e e B T S o o
month “seasons” from Junl5 - Jull5, 1 o x| x| x| X x| X X
Jul16 - Augl5, and Augl6 - Sep15, that I e e e I
collectively encompass the MPCA’s 1 apri x x| x  x  x  x  x
historically defined Jun15 - Sep15 field } O i I B e s R I
season. Additional analyses were 1 July x x| x  x  x  x x
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performed based on a standard 4-season e i B E R E - B ma ps

year and a 12-month year, but we focused _

our initial conclusions on the results from T vage v et 6.0 2000
the 3 season statistical analyses. In fact,

because most data were collected during the period June through September, and distributed
relatively uniformly in summer when multiple surveys were performed on a lake, the results
from the 3-season analyses did not differ much from the 1-season Jun-Aug, 1-season Jun-Sep, or
1-season May-Oct15 interval results.
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Exemplary results for temperature are show in Figure 2 for the 3-season summer analysis where
the criteria for a statistically significant trend required at least 5 years of data for the particular
parameter of interest, and a significance level of 5% (i.e. p < 0.05). The row highlighted in the
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red box shows summary trends data for these criteria for near surface temperature (the 0-2 m
depth stratum). There were 551 lakes that had data for this stratum, of which 247 had at least 5
different years with data. Sixty-five (65) had a significant trend (26% of the 247 qualifying sites)
and 92% of these showed a positive, i.e. warming trend. Clicking on the hyperlink list at the end
of the row opens up a table listing all of the lakes by MDNR DOW #, shown in red if the trend
was positive and blue if negative (see Figure 3) and grouped based on how many years of data
each had (through 2007). The map hyperlink provides the Googlemap™ based geographic
distribution of the lakes with significant trends, and if desired, of the entire set of lakes with data
(Figure 4). Overlays of counties, MPCA Ecoregions and MDNR Ecoprovinces are also available.
Markers denoting individual lakes are coded to indicate the sign, magnitude (%-ile), and level of
statistical significance of the trend. Individual lake trends are shown as box and whiskers plots
that show the data color coded and shown for each "season™ according to the specific seasonal
Kendall analysis, along with trend slope and its significance (Figure 5). Further description of
the analysis outputs are found in the website METADATA below.
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volunteer secchi data. The statistical
basis for these analyses are apparently
now being reviewed but it appears that MPCA has been using a similar type of Kendall analysis
(details are currently unavailable). MPCA staff provided a spreadsheet summarizing the results
of their trend calculations based on the average of the secchi readings taken each year between
June 1 and September 30. Therefore, we compared our results with these for the identical time
period as a “single season” in the sense of the Seasonal Kendall test software (see METHODS).
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We initially examined sites that had the largest discrepancy between our calculated trends and
theirs. We discovered that 7 of these sites had Secchi data that was improperly entered in
STORET. Some of the readings were recorded in feet, but the units were entered as meters.
MPCA had apparently caught these errors, and corrected them for their calculations and on their
website where these data are posted (http://www.pca.state.mn.us/water/clmp/clmpSearch.cfm),
but the corrections had not filtered back to STORET. These entries were corrected in our dataset
and the trends were recalculated. This resulted in 274 sites showing significant trend results (p <
0.1) with 268 reported to show statistically trends by MPCA ( % agreement, Figure 6).

Figure 7 displays the magnitude of the trend rate difference between the two analyses across all
sites. All but 5 of the MPCA results were within 0.05 m/yr of the NRRI results and >90% were
within 0.02 m/yr. These differences did not seem to be due to differences in the way annual
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and then averaged all of these averages >

for the entire season. Most sites only /

have one reading for a given day, but ‘.

there are some that have more than + "

one. For example, site #29-0146 (the MPCA Trend (miy)

right-most data point in Figure 7) has

4-5 records in STORET for that Figure 6. Comparison of Kendall analysis trend rates
StationID on some days, with different between NRRI (this study) and MPCA (CLMP,
ActivitylDs and although NRRI unpublished) for 274 lake sites selected on the basis of

averaged them all together for that day, havin_g at least 15 years of "some" data (see METHODS).
MPCA seems to have only considered Red line denotes 1:1 correspondence.

records with certain ActivitylDs,
presumably using local information as Jun01-8ep30 SecchiResults Trend Differences
a basis for their data editing. Three of sonficantStes (RS caeuedp =0

the five sites with the largest
discrepancy had identical data posted
to what we used in our calculations.
The differences seem to be explainable
by the fact that MPCA did not use data
from all of the years posted on their
website when doing their trend
calculations. For example, site #31-
0424 has data posted from 13 years, 01
but MPCA’s summary spreadsheet F
indicates that only 8 were used in the 02
calculation and unfortunately there are
no notes explaining why this was done.

03

02

0.0 4

NRRI slope - MPCA slope

-03
Site

Site #21-0106-01 shows the largest
difference (-0.25 m/yr), even though
the data used as input to the NRRI
Kendall trend calculation is the same as what is shown on the MPCA website and so some of the
data from the MPCA’s EDA website suffers from the same unit-conversion errors mentioned

Figure 7. Magnitude of difference between NRRI and
MPCA calculated trend rate for sites with > 15 years of data.
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above. MPCA seems to have corrected the data for their trend calculations, but not in the EDA
database, so the discrepancy wasn’t caught when we did our site by site comparisons. Figure 8
shows a plot of NRRI results, showing the effect of the erroneous values.

Although there are likely Latoka (North Bay) [21-0106-01]
other uncaught errors, the Depth, Secchi Disk Depth

close agreement between
the two independent
analyses is taken to be
supportive of our approach
to identifying the overall
trends in Minnesota lakes.

W oW @ om E W N o= 0

Secchi (m)

o

E
[

11 Q

Discovering significant 2 -

errors in the EDA and - oo
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echUSIVely due to feet'tO' Summary Type: Jun1_thru_Sep30  Kendall Trend: -0.243 m fyear  (p: 1.0E-4)
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meter mis-conversions led
us to conduct an extensive  Figure 8. Secchi depth trend for site 21-0106-01 illustrating the effect of
computerized and manual ~ feet-to-meter conversion error the early years of the data record.

(visual) re-screening to

identify and correct other secchi errors as well as for temperature, where we found additional
unit errors from the Fahrenheit-to-Celsius conversion. All errors discovered as part of this
project will be reported to MPCA for complete correction in the EDA and STORET databases.

3). A second confirmation of the web-reported trends was performed using the Mann-Kendall
(MK) function in R from the Kendall software package written and maintained by McLeod
(2005). The analysis was recreated from the NRRI website data summaries for near-surface
temperature (0-2m), secchi depth, thermocline depth, TSI-Secchi, near-surface chlorophyll-a
concentration (0-2m), and near-surface total phosphorus concentration (0-2m). Values for each
parameter were averaged for the Jun15-Sepl5 season (i.e. comparable to the 1-season analysis in
Figure 1) and then the means for each lake and year were entered into the MK function as a
vector. Table 1 compares the percent of lakes that showed a trend at a 5% level of significance
for the different software analyses and indicates excellent agreement.

Table 1. Comparison of Helsel (2006; USGS) and McLeod (2005) trend analyses.
Values indicate the percentage of lakes with at least 5 years of “some” data that
showed a statistically significant trend at p < 0.05. RPD = relative percent difference.

Helsel (2006) McLeod (2005) RPD

Secchi depth 32.3 32.1 0.6 %
Total Phosphorus 20.2 19.9 1.5%
Chlorophyll-a 10.4 11.0 5.6 %
TSI-Secchi 31.3 31.2 0.3%
Thermocline depth 10.3 9.6 7.0%
Surface temperature 7.3 7.2 1.4%
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4). Summary of exploratory trend analyses (provisional observations, August 2009)

In the context of the climate change issue that spawned the present study, the most important
result derived from the exploratory trend analyses has been that for lakes with significant time
trends during the period June — September, more than 90% showed surface water warming as
compared to cooling (Figure 9). This result was found for over 26% of those lakes with at least 5
years of data (247 of the 551 lakes examined) and almost 2/3 of the 60 lakes with 18 years or
more data. For the 37 lakes that showed statistically significant warming over their period of
record, the mean trend was 0.080 + °C/yr. This would project to an average increase of 0.8 °C
(1.4 °F) in 10 years, and 3.3 °C (5.9 °F) by 2050.

Another important effect predicted from models of the thermal characteristics of lakes in
response to climate change relates to the depth of the summer thermocline in deeper lakes and its
thermal stability (i.e. resistance to wind mixing and destratification). Warmer growing season air
temperatures have generally been predicted to decrease the depth of the thermocline (i.e. creating
a shallower epilimnion) in most lakes as a consequence of increased warming of the epilimnion
and increased thermal stability. The period of stable stratification is also predicted to begin
earlier due to earlier ice-out and persist longer into the fall (e.g. Kling et al. 2003; Fang and
Stefan 1999; Schindler et al. 1996). Both empirical and theoretical (i.e., modeling) studies have
qualified these predictions because of the variability introduced by the uncertainty of wind
velocities, site specific morphometry, and the potential effects of water color changes and light
penetration due to changes in dissolved organic matter (DOM) loading and the effect of DOM on
light absorption (i.e. heat storage) with depth (Parker et al. 2007; Fang and Stefan 1999).

Although only 16% of lakes with >5 years of data had significant trends in thermocline depth,
85% of those that did exhibited decreasing (i.e. shallower) thermocline depths (Figure 9).
Thermocline gradient (stability) only showed statistically significant trends in 10-18% of lakes
depending on the length of data record, but almost all trends were positive (Figure 9). Together,
these thermal effects over time suggest a shallower, but more stable depth of stratification, which
is consistent with surface warming. The data also suggest that in those lakes, the hypolimnion
could be more isolated from mixing of epilimnetic water although the population of lakes with
such trends is relatively small. Trends in hypolimnetic water for depth strata below a depth of 6
meters, showed the opposite effect with about 20% of the lakes having at least 5 years of
temperature profile data having statistically significant trends and more than 75% of those being
negative (cooling)(data not shown but see
http://mnbeaches.org/gmap/trends/results/avg/3Periods_Jun15_thru_Sepl5Summary 5yrs-
005p.html). This result is consistent with the surface warming and thermocline trends described
above and the findings were similar whether there were 5, 8, 12 or 18 years of data. Both
patterns, warming epilimnia and cooling hypolimnia when trends were found, were consistent
across the many exploratory analyses that were performed for the period June through
September, whether data were pooled for two or three months or examined for individual months
(see http://mnbeaches.org/gmap/trends/results/avg/index.html)

The duration of thermal stratification was not investigated for this study and it is presumed that
most of the lake data sets lack enough surveys during the ice-free season to assess potential
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trends in this important parameter. However, there may be some lakes with frequent enough
summer sampling for enough years to warrant closer examination.

Trend results were less clear for dissolved oxygen (DO). The number of positive versus negative
trends in surface waters was approximately similar although 60-75% showed increasing DO in
the lakes with 12 to more than 18 yrs of data — an anomalous finding since one might have
expected slightly decreasing DO due to warmer water (Figure 9). However, hypolimnetic strata
for >20% of the lakes with available data showed significant trends with a clear (>75%)
preponderance of increased DO.

MN Lake Water Quality Trends- Temp/DO (p < 0.05)
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Figure 9. Summary of temperature and dissolved oxygen related trends for Minnesota lakes having
at least 15 years of at least one water quality parameter. Bars indicate the percentage of statistically
significant trends at p < 0.05 that were positive for sites with a given number of years of data. Bar
colors denote the length of the parameter records; numbers inside the bars indicate the percentage
of those sites that were statistically significant. A Trend value of 50% indicates equal likelihood of
the significant trend being + or — This is show by the red (positive) and blue (negative) arrows.

The salt content of surface waters, as estimated by specific electrical conductivity (EC25) and
chloride concentration has increased over time in more than a third of the lakes with >5 years of
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data, 50% of those with >8 years, and 90% with >18 years of data (Figure 10). This is consistent
with increased summer surface warming but also with potential increased exposure to winter de-
icing salts and/or increased stormwater runoff from either urban or agricultural areas. Increased
loading to the whole lake such as would occur from runoff inputs are suggested by the fact that
the trends with depth examined for the entire summer and for just the warmest month (July) all
exhibited large (82-100%) predominance in increased relative to decreased salinity.

MN Lake Water Quality Trends- Salfs (p < 0.05)
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Figure 10. Summary of specific electrical conductivity (EC25), chloride concentration, pH and
alkalinity trends for Minnesota lakes having at least 15 years of at least one water quality
parameter. Bars indicate the percentage of statistically significant trends at p < 0.05 that were
positive for sites with a given number of years of data. Bar colors denote the length of the
parameter records; numbers inside the bars indicate the percentage of those sites that were
statistically significant. A trend value of 50% indicates equal likelihood of the significant trend
being + or — This is show by the red (positive) and blue (negative) arrows.
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Only ~15-19% of the lakes with >5 years of surface water pH data exhibited trends and there
were roughly similar numbers of positives and negatives; only for the 37 lake data set having
>18 years of data was there an excess in one direction - this being towards higher pH. This could
potentially be a consequence of the Minnesota sulfate emission standards program but would
need to be assessed on a lake by lake basis. Anomalously, alkalinity trends were overwhelming
negative by > 80%: 20% for a substantial number of lakes and for all lengths of data records. We
currently do not have an explanation for this rather striking result.

The Minnesota Lake Trends website also summarizes exploratory trend analyses for the major
ions calcium, magnesium, potassium, sodium, and sulfate, hardness, color and dissolved organic
carbon (see

http://mnbeaches.org/gmap/trends/results/avg/3Periods_Jun15_thru_Sepl5Summary 5yrs-
005p.html for the 3-season period Jun15-Sep15). Most of these analyses either lack enough years
of data to test for trends, or the number of statistically significant trends that were found were
few enough that we are not confident in drawing even provisional conclusions at present.

Perhaps the most surprising result found in this study was that there was internal consistency
within the group of trophic status indicators (secchi depth clarity, chlorophyll-a, total phosphorus
and total Kjeldahl nitrogen) that suggests a strong overall improvement in water quality (Figure
11). These trends were found for a large number of lakes- ~40% of the lakes in the secchi data
set had statistically significant trends, and of these >80% were increasing (i.e. clearer water).
This result was similar whether there were 5, 8, 12 or 18 years of data so the trend is nearly 2
decades old. We corroborated this result using an independent (software) Kendall statistical
analysis for surface temperature, thermocline depth, secchi depth, surface chlorophyll-a, surface
total phosphorus, and TSI-secchi data (Table 1) and also by cross-comparing our secchi trend
rates with MPCA’s estimates for CLMP lakes with more than 15 years of data (Figures 6 and 7).
In both cases, the differences in results were negligible.

Additional analyses were performed on other nutrient fractions, including ammonium-,
nitrate+nitrite-N, nitrate-N, nitrite-N, total Kjeldahl-N (TKN), and ortho-phosphorus.
Ammonium-N, TKN and ortho-phosphorus also exhibited a predominance of negative relative to
positive trends although there were fewer overall data. The other nutrient fraction data sets were
inconclusive because of even fewer data

(see http://mnbeaches.org/gmap/trends/results/avg/3Periods_Junl5_thru_Sepl5Summary 5yrs-
005p.html). Analyses of Carlson TSI’s similarly indicated that about 80% of the lakes with > 5
years of data that had significant trends had shown improvement (data not show but available at
http://mnbeaches.org/gmap/trends/results/avg/3Periods_Jun15_thru_Sepl5Summary 5yrs-

005p.html).

Overall, many lakes showed trends for many water quality parameters. However, it is extremely
important to note that the current set of lakes is not distributed randomly across the state and is
visually heavily biased towards the Minneapolis-St-Paul metropolitan area. More work is needed
to examine individual lake records to see if these general trends are consistent for well monitored
lakes. The analysis should also be extended to lakes with 5 or more years of data for parameters
highlighted by this exploratory analysis since many of the trends found for longer data records
were also significant when lakes were pooled with those with 5-8 years of data. There is also a
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need to calculate % dissolved oxygen saturation as a “check’ on some of the DO concentration
results. Irrespective of temperatures in the upper mixed layer (epilimnion), most lakes would be
expected to be saturated with oxygen in surface and near-surface water. This parameter was
historically not calculated nor entered into STORET but could be calculated from DO
concentration based upon corresponding temperature and EC25 values coupled with approximate
lake surface elevation. As for other components of this overall Climate Change project, the
exploratory analyses conducted to date point to the value and need for consistently collected
environmental data over long periods of time for a large number of geographically distributed
lakes in order to manage them most effectively.

MN Lake Water Quality Trends- Trophic/Nutrients (p < 0.05)
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Figure 11. Summary of temperature and dissolved oxygen related trends for Minnesota
lakes having at least 15 years of at least one water quality parameter. Bars indicate the
percentage of statistically significant trends at p < 0.05 that were positive for sites with a
given number of years of data. Bar colors denote the length of the parameter records;
numbers inside the bars indicate the percentage of those sites that were statistically
significant. A trend value of 50% indicates equal likelihood of the significant trend being +
or — This is show by the red (positive) and blue (negative) arrows
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Attachment: Minnesota Lake Trends website home page and metadata:
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Minnesota Lake Trends Analyses

The data analysis in this websection is one element of a collaborative University-State Agency project funded in 2006 to compile and analyze

data that would help Minnesota address natural resource issues associated with potential changes in climate. Phase | (2006-2009)
objectives are to:

1. Quantify historic trends in lake fish and higher plant (macrophyte) communities and stream hydrologic and water quality responses to
climate

+ Responses of hydrologic and water quality parameters to climate in streams and lakes will be extracted from historical data and
summarized.

+ Existing data will be examined to determine if patterns exist for Minnesota, if these patterns are related to climate, and if possible to
land use.

2. Develop a database of historic and future climate data for Minnesota

+ Examine existing data sets of climate and records of lake ice-out to determine if patterns can be documented for Minnesota over the
past 50 years.

Temparature 1667-2006
 Dwzitwe fom 1975-7003 Norrrol

TS Data Summaries
.| &

MetaData
S e

== L_i% ; Project Team Wuebbles & Hayhoe (2004)
Minnesota Climatology

Working Group
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m Minnesota Pollution access@nrri.umn.edu / Legislative-Citizen Commission
o Control Agency

7 ©On Minnesota Resources

Updated: August 13, 2009
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Minnesota Lake Trends - Metadata

Page updated: Aug 13, 2009

Data sources

STORET via MPCA retrieval

Water quality data from lakes with >15 years of at least one water quality
parameter to perform exploratory trend analyses on all available parameters

Status (8/31/09): 638 Minnesota lakes having more than 15 years of at least
"some" water quality data totaling 1.9 million data records.

MPCA data is "current" through 2007
Met Council data is "current" through 2006

II. Data screening

Already screened for basic QA/QC via STORET data entry rules
Further "visual, but non-systematic" scanning for errors, outliers, and anomalies

After comparing NRRI trend analyses of secchi records with Minnesota Pollution
Control Agency (MPCA) trends calculated for their Citizen Lake Monitoring
Program (CLMP) on a lake-by-lake basis, a number of STORET errors were
discovered. These had been previously corrected for the CLMP analysis, but not
corrected in STORET. Errors were largely associated with the feet-to-meters
conversion. Therefore, the entire MN Lake Trends data set was screened and
corrected as needed. A similarly small but significant set of lakes also had
Fahrenheit to Celsius conversion errors.

lll. Data censoring rules

For incorporating data listed as below detection into the database and this is
particularly important for low nutrient lakes.

There were two possibilities in the raw dataset -- "*Non-detect" and "*Present
<QL", where QL is the Quantitation Limit:

1. If the record contains a value for "MinDetectLimit": use MinDetectLimit/2
(one-half the specified detection limit). This technique has been widely used
for decades and there is still no “accepted” guidelines for censoring below-
detection data (e.g. EPA. 2004. Revised Assessment of Detection and
Quantitation Approaches. EPA-821-B-04-005. October 2004. Office of
Science and Technology, Office of Water (4303T), U.S. Environmental
Protection Agency, Washington, DC 20460
(www.epa.gov/waterscience/methods/det/rad.pdf; Helsel, D. 2005. More
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Than Obvious: Better methods for interpreting non-detect data. Environ. Sci.
Technol., 2005, 39 (20), pp 419A—-423A.).

2. If the record contains a value for "MinQuantLimit": use MinQuantLimit/6.6
based on the approximation that MDL ~ 3*SD and QL ~ 10*SD where SD is
the Standard Deviation for a set of replicate water samples in the lower
concentration range of interest (cf. EPA. 2004 above)

3. Otherwise skip the record "for now (7/14/09)"; we intend to examine this
dataset more closely to see how important these deletions are to the results
of the nutrient trends analyses if continued funding becomes available.

V. Parameter groups

Core Suite - field sensor parameters that typically determine a meter-by-meter
depth profile of temperature, dissolved oxygen (and a calculated percentage
oxygen saturation), specific electrical conductivity (EC25, that estimates total
salt/ion concentrations), and pH; and water clarity estimated by Secchi disk depth.

Advanced Suite - most of the other "routine" water quality variables such as
chlorophyll-a, nutrients (TN [measured and calculated], TKN, [nitrate+nitrite]-N,
ammonium-N, TP, ortho-P), dissolved and/or total organic carbon and/or color,
SiO2, Hardness, major anions (ANC/alkalinity, SO4, ClI) and major cations (Ca,
Mg, Na, K).

We think this is a useful classification since there will be many more Core than
Advanced Suite data available for Minnesota lakes and streams. This
nomenclature was borrowed from the Vital Signs long-term monitoring program of
the U.S. National Park Service.

Calculated Indicators —

1. Carlson Trophic State Index (TSI) as individual TSI-secchi, TSI-TP,
TSI-Chlorophyll-a; Mean-TSlI (= [TSI-P + TSI-C + TSI-S]/3).

o TSlIs calculated for data collected only during the period May 1 - Oct 15;

o if there is a 0-2m value, use it, otherwise use the value from the shallowest
reading if it's < 5m, otherwise do not calculate the TSI;

o any records for Secchi, Chlor, or TP that had result values of “0” were
ignored because they would cause the TSI formulas to explode due to the
log function. These records were probably data entry errors, obviously for
Secchi depth.

o The TSI values are calculated as show below (from MPCA,;
o Www.pca.state.mn.us/water/basins/305blake.html ; Carlson 1977)

Secchi disk (SD): TSI (TSIS) = 60 - [14.41(natural log)(Secchi average)]
Total phosphorus (TP): TSI (TSIP) = [14.42 (natural log)(TP average)] + 4.15
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Chlorophyll-a (chl-a): TSI (TSIC) = [9.81(natural log)(chl-a average)] + 30.6

(TP and chl-a in micrograms per liter (ug/L) and SD transparency in meters).

The index ranges from 0 to 100 with higher values indicating more eutrophic
conditions. The TSI values were calculated for each variable, then averaged
for each lake (Figure 1). Although Mean TSI values were calculated, they
must be used with caution since this analysis assumes that water clarity is
controlled by algal biomass, which is in turn controlled by available phosphorus
as estimated by TP. TSIS, TSIP, and TSIC might be expected to diverge in
lakes that are turbid due to high loads of suspended or re-suspended
sediment, or when algal biomass is regulated by another factor such as
nitrogen availability or grazing by invertebrates.

Figure 1, Carlson's Trophic State Index (TSI}

[N Clssir Ofigotiophy; Clear waer,oryoen fhrough the year i the hypolimon, saimonid shens in degp lakes.
T8I 3040 Oeaper ekes sl it classical ligtraphy, but sorne shallower akes vill become anosic n he hypalimion duing the summer,

154050 \aterrnoderatey clear, but increasing probabity of anaxia in hypolimaion during summer.

T53040 Lover boundary ofclassical eutrophy: Decreased transparency, annic hypolimaion durng he summer, macropkyte probiems erdent, wam-
water fisheries only.
TSI60-10 Oominance of blue-green g, algal scums probable, extensive macrophyie problems.

TSH040 ey lgal booms possible hroughaut the summer, dense macrophte beds, bul extant fmted by oht penelation. Ofen would be clasgfed
85 hypereutrophic.

T8l>80 Algal scums, surnmer fish ki, few macrophytes, dominance of rough fsh,

2. Actual thermocline depth — calculated directly from temperature profiles as the
depth of the maximum temperature gradient provided it is > 1°C /meter for each
site with a H20 Temp dataset.

For each profile in the dataset:

o combine any adjacent readings that are within 0.25 m into a single reading
consisting of the averaged depths and temperatures
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o calculate dtdz between adjacent readings in the profile,
o determine which is the maximum dtdz,

O

ignore and move on to the next profile if dtdz_max is < 0.7 °C /m,
o otherwise:

create a record in the Thermocline_Rate dataset for the site,

set the upperDepth & lowerDepth variables to the depths of the 2 adjacent
readings that gave dtdz_max,

if the dtdz for the previous (shallower) reading pair is within 0.05 of
dtdz_max use its upper depth for upperDepth,

if the dtdz for the next (deeper) reading pair is within 0.05 of dtdz_max use
its lower depth for lowerDepth,

calculate the thermocline depth = (lowerDepth + upperDepth) /2,

create a record in the ThermoclineDepth(rate > 0.7 °C /m) dataset for the
site,

if dtdz_max is >= 1.0 °C /m create a record in the ThermoclineDepth (rate
> 1.0 °C/m) dataset for the site

3. Predicted thermocline depth (to be done)— estimated based on lake morphometry
from the equation developed in: Gorham, E. and F.M. Boyce, 1989. Influence of
lake surface area and depth upon thermal stratification and the depth of the
summer thermocline. Journal of Great Lakes Research, 15(2): 233-245.

V. Depth strata

* After data were manually reorganized and sorted into spreadsheets, a computer
program was developed to automate the computation of depth stratum mean
values, tabulation of data summaries, graphical presentation, and export to trend
analysis software. Each parameter from each site was averaged for all sampling
dates and sampling periods for the following depth strata; Om (surface values), O-
2m, 3-5m, 6-8m, 9-11m, 12-14m, 15-19m, 20-24m, 25-29m, 30-34m, 35-39m, 40-
49m, 50-59m, 60-69m, 70-79m, 80plus. Strata were chosen for limnological
reasons as well as based on data availability for the deeper strata. The statistics
for each layer were calculated using the average of the daily averages of the
result values within each time period.
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VI.Time intervals

« Since there are many periods of interest for these data, we performed trend
analyses for a variety of periods that could be used to characterize a particular
year. For example, the MPCA has long requested Citizen Lake Monitoring
Program (CLMP) volunteers who have collected most of Minnesota's long-term
Secchi disk water clarity data to take their measurements from June 15 —
September 15. Therefore, all data within this time frame can be averaged to
generate a single value for a particular year.

« Alternatively, a set of monthly or bimonthly mean values can be calculated and
then analyzed singly for the year, or considering their within-year variation. A
monthly average for August, when algal biomass is usually thought to be at its
peak, would be useful to examine in comparison to weather patterns either at that
time or perhaps over a longer period to include the contribution of spring runoff to
the lake's nutrient loading.

« The statistical analysis software described below also permits the user to select a
single period to characterize a year (e.g. the mean of data from the period Jun 15
— Sep 15 for each year), and also incorporate the variability from sub-periods
within that period that are defined as "seasons". For example, each year can be
characterized by its mean (or median) parameter value for the MPCA field season
defined as all data from June 15 - September 15. Or, the variation from three
separate month-long seasons from June15-July 15, July16 - August 15, and
August 16 - September 15) can be identified and incorporated into the statistical
analysis.

VII. Trend analyses

Trends and trend rates were determined using the Seasonal Kendall Trend Analysis
software developed by the U.S. Geological survey (2005; Computer Program for the
Kendall Family of Trend Tests, Dennis R. Helsel, David K. Mueller, and James R.
Slack SIR 2005-5275, U.S. Geological Survey) that allow for trend analyses both
seasonally and regionally. Sites were initially identified sites as "Qualifying" if they
had records from at least 5 different years and with a level of significance of p < 0.1
for either a positive or negative trend over time. Additional exploratory trend
summaries with accompanying mapping tools were generated for p < 0.05 and lakes
having more years of data (8, 12 and >18 years).

« Minnesota Lake Trends Analyses website: http://mnbeaches.org/gmap/trends/

o The USGS report “Computer Program for the Kendall Family of Trend Tests” and
the computer program is available at http://pubs.usgs.gov/sir/2005/5275/
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VIIl. Graphical and tabular displays

« Data tabulated in csv format for easy import to spreadsheet and database

software

« Data have been incorporated into "Master" NRRI-UMD Climate Change

Database for association with other Project variables and use by other scientists
« Statewide distribution of lakes with statistically significant trends (e.g. p < 0.1 with

>5 years of data) are denoted as tear drop shaped markers on a zoomable and
scrollable map of Minnesota. Red denotes an increasing trend and blue a

decreasing trend with half-tones to show the magnitude of the gradient for each

plot based on quartiles for that plot. Levels of significance are shown as "hash"

marks across the bottom of the tear drop.
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1.

Locate a Lake is a search tool available for finding

individual lakes by Lake Name or MDNR DOW # > Locate alake
Display Markers offers choices for displaying v Display markers
markers on the map. Positive and negative trend Foatie Trend:
sites were statistically significant; non-qualifying Negative Trend:
sites were not statistically significant or did not Non-qualifying Sites: []
have data from enough years; "SLICE" sites refers ) L

to the 24 lakes from the MN DNR Sustaining Lakes | °" SHCE"Stes [
in a Changing Environment (SLICE) project that only "lce-out” Sites: [
includes a focus on monitoring basic watershed, » Overlay map

water quality, habitat, and fish indicators in 24
sentinel lakes across a gradient of ecoregions, depths, and nutrient levels. "Ice-
out" lakes refers to the set of lakes with long-term winter ice records that was
compiled for the overarching U of MN Climate Change project.

Overlay map offers templates for county, ecoprovince and ecoregion
boundaries. The data itself is classified in the main project database for these
divisions but is not directly retrievable as such from the current MN Lake Water
Quality Trends website.

Trend lines over time are available by mouse clicking a particular lake on the
map for a particular parameter x depth stratum x time period. This opens an
information window with the lake name and MDNR DOW #, the trend slope and
its significance, depth, area, ecoregion, and a link to open a box & whisker plot of
the data and the calculated trend line:
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o the data are color-coded and shown for each "season" according to the
specific seasonal Kendall analysis.

o the box and whiskers depict the distributional characteristics of the
independent measurements for that period are depicted as for that year

Last observation
within 1 step

hupper \\

Median ~___

Mean —

h lower -

Minimum 0
Qutlier Q

Far-out

Hinges: hypper = median of observations = Median

hower = Median of observations < Median
IQR = Interquartile Range = hypper - Nigwer

1step=I1QR* 1.5

Upper Outlier Threshhold = hypper + 1 step
Lower Outlier Threshhold = hge, - 1 step

Upper Far-out Threshhold = hypper + (IQR * 2)
Lower Far-out Threshhold = hjger - (IQR * 2)

- return to the MN Lake Trends homepage -
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Minnesota's Water Resources: Climate Change Impacts

Project Manager: Lucinda Johnson
Natural Resources Research Institute, U. of Minnesota-Duluth

o Co-Principal Investigators:
o Richard Axler (NRRI/UMD)
o Ray Newman, Heinz Stefan, Richard Skaggs, Katherine Klink (UM/TC)
o Virginia Card (Metropolitan State University)
o Patrick Welle (Bemidji State University)

« Agency Cooperators:
o Edward Swain, Peter Ciborowski, Bruce Wilson (MPCA)
o James Zandlo, David Wright, Kurt Rusterholz (MN DNR)
o Clarence Turner (Forest Resources Council)

o Lake Water Quality Trends Subgroup (NRRI-UMD):
o Rich Axler (subproject management, limnological review)

o Jerry Henneck & Elaine Ruzycki (data acquisition, compilation, QA
screening, interpretation)

o Norman Will (trend analysis programming, graphing, summary and
mapping; website development)

o Jennifer Olker (database development)
o Joe Swintek (statistical analyses)
o  MPCA cooperators: Nancy Flandrick & Jim Porter (providing source data)

- return to index -

Page updated: August 13, 2009
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LCCMR Climate Change | & 11
Mini-symposium
February 21, 2009 10 am -5 pm
Natural Resources Research Institute, Duluth, MN

(Rm 435 #218-720-4241, L. Johnson #218-591-6598, J. Olker #218-428-0234)

Agenda

February 21 Saturday

10:00 Arrival at NRRI

10:00 - 10:15 Welcome and introductions

10:15-11:00 (Kenny Blumenfeld) Climate Tool tutorial

11:00 -11:10 (Dick Skaggs & Kenny Blumenfeld) Past & Future Climate
11:10-11:30 (Virginia Card) Ice-Out Records

11:30 - 12:00 (Ray Newman & Kristal Schneider) Fish Trends in Lakes with Long
Records & Walleye Spawning Response to Ice-Out and Climate

12:00 - 12:45 BREAK (lunch)

12:45-1:30 (Heinz Stefan & Tim Erickson) Stream Flow Trends in Minnesota and
Relationship to Climate & Lake Level and Lake Evaporation Response to Climate in
Minnesota

1:30-2:00 (Rich Axler) Minnesota Lake Trends (analysis & website)

2:00-2:20  (Lucinda Johnson/Jennifer Olker/Dan Breneman) Trends in Fish
Communities and Traits

2:20-2:30  (Patrick Welle & Rabi Vandergon) Progress report on economic analysis
2:30-2:45 BREAK

2:45-3:45  Discussion: Completing Phase |

3:45-4:30 Discussion: Phase Il progress and future directions

4:30-5:00  Discussion: Interactions with other programs (i.e. SLICE)
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Project Abstract

Project Title: Land Exchange Revolving Fund for
Cass/Aitkin/Crow Wing Counties

Project Manager: Affiliation: Mark Jacobs, Land Commissioner
Aitkin County Land Department

Mailing Address: 209 2™ St. NW Room 206

City / State / Zip : Aitkin, Mn. 56431

Telephone Number: 218-927-7364

E-mail Address: acld@co.aitkin.mn.us

FAX Number: 218-927-7249

Web Page address: co.aitkin.mn.us

Location: Cass, Aitkin, and Crow Wing Counties

Funding Source: Environment and Natural Resources Trust Fund.
Legal Citation: ML 2006, Chap 233, Sec. 20, Subd. 8.

In 2006, an inter-county revolving loan fund was established for the benefit of
Aitkin, Cass and Crow Wing Counties. The objective of this fund was to improve
public and private land-ownership patterns, which will increase public management
efficiency, protect critical habitat, and reduce public service expenditures to isolated
parcels; without reducing the local tax base

Under this program, the Counties purchased privately owned parcels that met
certain project criteria. Tax forfeited land, of substantially equal value and better
suited to private ownership, was sold to replenish the fund; resulting in the
public/private land ownership base remaining stable.

A total of 174.6 acres of land plus a lot were purchased solving many easement
issues and consolidating public ownership so that public service expenditures to
these parcels would not exist.

During this process, land values dropped because of the recession which made it

harder to recoup the funds from land sales. Parcels were put up for sale, but did not
sell because of the economy. Purchases of recreational property was no longer a
priority, when homes were being lost and people weren’t sure about the future of
their jobs.

Another item that caused some problems, was that as funds from the account
were used, sometimes larger parcels were unable to be purchased as there was not
enough in the account for purchase. Exchanges were not as favorably looked at as
when a county parcel was exchanged, people thought that everyone should have
the opportunity to purchase the parcel, not just the person doing the exchange.

Overall, the process was a good process. It gave counties the opportunity to cure

problem parcels with a ready cash fund. No access properties, wetland properties
that should not be developed, and recreational opportunities were all developed with
a ‘no cash out of the general fund’ opportunity.



July 8, 2011
LCMR Work Program Update Report
ML 2006 Chapter 243 Section 20 Subdivision 8

LCMR 2006 Work Program Final Report

Date of Report: January 1, 2011 to June 30, 2011

Date of Next Status Report: June 30, 2011

Date of Work program Approval:

Project Completion Date: June 30, 2011

. PROJECT TITLE: Land Exchange Revolving Fund for
Cass/Aitkin/Crow Wing Counties

Project Manager: Affiliation: Mark Jacobs, Land Commissioner
Aitkin County Land Department

Mailing Address: 209 2" St. NW Room 206

City / State / Zip : Aitkin, Mn. 56431

Telephone Number: 218-927-7364

E-mail Address: acld@co.aitkin.mn.us

FAX Number: 218-927-7249

Web Page address: co.aitkin.mn.us

Location: Cass, Aitkin, and Crow Wing Counties

Total Biennial LCMR Project Budget: LCMR Appropriation: $290,000.00
Interest added: $ 14,206.92
Expenses: ($ 705.61)
Paid back: $303,501.31

Legal Citation: ML 2006, Chap 243, Sec. 20, Subd. 8.

Appropriation Language:

$145,000 in fiscal year 2006 and $145,000 in fiscal year 2007 from the trust fund to the
Commissioner of Natural Resources for an agreement with Aitkin County for a six year revolving
loan fund to improve public and private land ownership patterns, increase management efficiency,
and protect critical habitat in Aitkin, Cass, and Crow Wing counties. By June 30, 2011, Aitkin
County shall repay the $290,000 to the Commissioner of Finance for deposit in the Environment
and Natural Resources Trust Fund.

II. PROJECT SUMMARY AND RESULTS:

A 5-year inter county revolving loan to be administered by Aitkin County for the
benefit of the three counties that will improve public and private land-ownership
patterns in participating counties, resulting in increased management efficiency and
protection of critical habitat, without reducing the local tax base.

LCMR funds will expedite efficient responses to fee title purchase opportunities.

Under this program, counties will purchase privately owned parcels identified as
critical habitat, public land access, or isolated. Then, tax forfeited land of
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substantially equal value which is better suited to private ownership, will be traded
with the lands, purchased in fee, for purposes of transferring the tax forfeited status
to the newly acquired county fee lands. This process will promote a stable public
and private land ownership base.

Purchasing isolated, private lands in undeveloped areas of the County precludes
development on those lands, which might result in additional public services such as
road maintenance and school busing. When the purchased parcels adjoin property
already in county management, land management is more efficient and lands better
suited for natural resource benefits are protected.

Public lands selected for exchange and subsequent sale will be of substantially
equal value to the private lands purchased (as defined by Class B land exchange
process Mn Statute 94.344, Subdivision 3)

ENRTF funds(Environment and Natural Resources Trust Fund) will be placed in
an inter county revolving fund account to be used for 5 years to facilitate / operate an
acquisition - exchange - sale program. Notwithstanding the need to secure county
board authorization to purchase, the land commissioners of Aitkin, Cass and Crow
Wing Counties will review and approve all acquisition proposals. Upon completion of
a purchase by a county, a reimbursement request will be submitted to the fiscal
agent (Aitkin County). Only the cost of fee title acquisition will be eligible for
reimbursement.

Aitkin County will be the fiscal agent representing the counties for this project.
Aitkin County requests an advance for each year’s allocation of LCMR funds. Aitkin
County, as fiscal agent, will reimburse the State of Minnesota for the $290,000 plus
any earned interest on the amount of LCMR funds received for this project by June
30, 2011.

lll. SUMMARY OF PROGRESS AS OF June 30, 2011:

Under this program, the Counties purchased privately owned parcels meeting
project criteria. Tax forfeited land, of substantially equal value and better suited to
private ownership, was sold to replenish the fund; resulting in the public/private land
ownership base remaining stable.

Aitkin County’s purchases:

1. A 40 acre parcel landlocked by public land where a % mile long easement
was requested through county land. The purchase significantly reduced
wetland impacts by an unbuildable parcel.

2. A 20 acre parcel landlocked by public land with an easement request through
county forestland that contained high quality oak forests. The purchase
addressed a legal access problem and avoided conflicts with forest
management and public use.

3. A 37 acre parcel that was landlocked by public land. The purchase addressed
a legal access problem, a potential recreation trail conflict, and consolidated
public ownership.

Cass County’s purchases:

1. A small lot that provides access to the Pine River for the public.

2. 6.75 acres of land with 980 feet of river and lake frontage. The aquatic area
adjacent to this land is critical fish habitat and is mostly lowland hardwood



and marsh. This transaction helps protect the ecological integrity of Baby and
Kid Lake.

3. 69.7 acres of forest land. The transaction substantially increased the forest
productivity and recreation opportunities on county managed forest lands.

IV. OUTLINE OF PROJECT RESULTS:

RESULT 1: LAND ACQUISTION $290,000

- The funds were put in a revolving fund account which was used for 5
years to facilitate the acquisition-exchange-sale program.

- 173.45 acres were acquired in fee title. The counties making a
purchase offered for sale tax forfeited parcels with a comparable value
to maintain a balanced tax base.

- Atthe end of 5 years the entire sum plus any earned interest and
minus administrative costs were returned to LCCMR.

- The funds were held in a separate interest bearing account and
administered by Aitkin County.

- Aitkin County Auditor, as administrator of the funds, advanced funds to
a county requesting reimbursement following a fee title purchase.
Once the sale of property is completed, said county will pay back the
Fiscal Agent for all monies loaned. This money will be put back into
the revolving fund. There will be no prepayment penalty.

Summary Budget Information for Result 1: LCMR Budget
$ 290,000.00

Allocated (Spent) $ 309,400.00

Interest $ 14,206.92

Repaid loan fund $ 309,400.00

Expenses $ 705.61

Balance repaid to ENRTF  $ 303,501.31
Expenses Itemized:
Total hours spent on LCCMR reports from 2006 to 2011 by Cathy
Buhlmann — Aitkin Co. 24.5 hours $ 694.09
Postage costs $ 11.52
Total expenses $705.61
Completion Date: June 30, 2011

Result Status as of January 31, 2007
June 30, 2007
January 31, 2008
June 30, 2008
January 31, 2009
June 30, 2009
January 31, 2010
June 30, 2010
January 31, 2011

Final Report Summary: June 30, 2011



V. TOTAL LCMR PROJECT BUDGET:

All Results: Personnel: $0.00
All Results: Equipment: $0.00
All Results: Development: $0.00
All Results: Acquisition: $309,400.00
All Results: Other: $0.00

TOTAL LCMR PROJECT BUDGET: $290,000

Explanation of Capital Expenditures Greater Than $3,500: na

VI.

VII.

VIII.

OTHER FUNDS & PARTNERS:

A. Project Partners: Aitkin County, Cass County, Crow Wing County

B. Other Funds being spent during the Project Period:  $300,000 in kind
and cash during the project -(ie. Staff time, attorney fees, recording fees, etc)

C. Required Match (if applicable): na
D. Past Spending: $309,400.00 in the past 5 years
E. Time: 5 years

DISSEMINATION: na

REPORTING REQUIREMENTS: Periodic work program progress reports will be

submitted not later than: January 31, 2007, June 30, 2007

VIV.

January 31, 2008, June 30, 2008

January 31, 2009, June 30, 2009

January 31, 2010, June 30, 2010

January 31, 2011
A final work program work and associated products will be submitted by
June 30, 2011.

RESEARCH PROJECTS: na



Attachment A: Final Budget detail for 2006 projects

Proposal Title:

LAND EXCHANGE REVOLVING LOAN FUND - Cass / Aitkin / Crow Wing

Project manager name:

Mark Jacobs, Aitkin County Land Department

LCMR requested dollars:

$290,000

1) see list of non-eligible expenses, do not include any of these items in your budget sheet
2) Remove any budget item lines not applicable

2006 LCMR Proposal Result 1 Budget: Amount Spent Balance Total For

Budget Land Acquisition (to date) (to date) Budget Iltem

Revolving Loan Land

Acquisition

Land Acquisition — 250

acres $290,000.00 $290,000.00

Interest to December

2006 $116.04 $290,116.04

Jan to June interest

added $5,215.57 $295,331.61

1-5-07 Troy Rian — Aitkin

County $9,800.00 $285,531.61

1-19-07 Steven Anderson

— Aitkin County $24,000.00 $261,531.61

2-9-07 Kellen — Cass

County $22,000.00 $239,531.61

4-16-07 Griffin — Cass

County $45,000.00 $194,531.61

June to December 2007

interest added $5,461.14 $199,992.75

4-2-08 Stockman - Cass

County $160,000.00 $39,992.75

January to June 2008

Interest added $2,442.54 $42,435,29

July to December 2008

interest added $727.34 $43,162.63

January to June 2009

Interest added $79.29 $43,241.92

July to December interest

added $26.28 $43,268.20

Aitkin County repayment

of funds 12-31-2009 $33,800.00 $77,068.20

Cass County repayment

of funds 6-14-2010 $67,000.00 $144,068.20

January to June 2010

interest added $22.21 $144,090.41

July 2010 to December

2010 interest added $76.19 $144,166.60

January to June 2011

Interest added $36.75 $144,203.35

Cass County repayment

of funds 6-30-2011 $160,000.00 $304,203.35




Aitkin County purchase of

land (Heinzen) $48,600.00 $255,603.35
Aitkin County repay of

monies (Heinzen) $48,600.00 $304,203.35
Postage charge

12-31-2006 $3.57 $304,199.78
Interest correction

12-31-2006 $3.57 $304,203.35
Administrative expenses

from June 2006 to July 15,

2011 $702.04 $303,501.31
Column Total as of

June 30, 2011 $613,606.92 $310,105.61 $303,501.31




Land Exchange Revolving Fund for Aitkin/Cass/Crow Wing Counties
ML 2006 Chap. 243, Sec. 19, Subd. 8

Purchase Parcel Amount Final
Date County Name Acres $ ownership Notes 1

No access, non buildable parcel
surrounded by tax forfeited, solved
1-5-2007 Aitkin Rian 40 $9,800 | County owned | easement problem across wetlands
No access, only access through high
1-19-2007 | Aitkin | Anderson 20 $24,000 | County owned | value oak forest on tax forfeited lands
Land locked parcel — purchase
addressed access, recreation trail
6-30-2011 | Aitkin Heinzen 40 $48,600 | County owned | conflict, and consolidated land
ownership

Provides public access to ariver and
2-9-2007 Cass Kellen Lot $22,000 | County owned | connects to public lands

Parcel was subdivided for sale.
Purchase of this allowed a nondivision
Reorganized | of land and restrictive covenants to
4-16-2007 | Cass Griffin 6.75 $45,000 and offered placed on the property.

for sale

consolidated land ownership which
increased forest productivity and
4-18-2008 | Cass Stockman 67.9 $160,000 | County owned | recreation opportunities in Cass
County —

Crow
Wing 0 No parcels acquired
Total 174.65 | $309,400
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Aitkin Heinzen
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LCMR Final Work Program Report

Date of Report: July 16, 2007

Date of Next Status Report: N/A

Date of Work program Approval: December 19,2006
Project Completion Date: January 31, 2008

I. PROJECT TITLE: Riparian Land Acquisition

Project Manager: Mike Halverson

Affiliation: Minnesota Department of Natural Resources (DNR)
Mailing Address: 500 Lafayette Road N

City / State / Zip: St. Paul, MN 55155

Telephone Number: 651-259-5209

E-mail Address: mike.halverson@dnr.state.mn.us

FAX Number: 651-297-4916

Web Page address: NA

Total Biennial LCMR Project Budget:

Fund Year Allocated Ligquidated Balance
Riparian Land Acquisition

Cleanwater Legacy (ETF) 2006

Fiscal Year 2006 $370,000 $370,000 $0
Fiscal Year 2007 $270,000  $270,000 $0
Grand Total $640,000 $640,000 $0

Legal Citation: ML 2006, Chapter 243, Sec. 20 Subd. 9.

Appropriation Language: Subd. 9. Riparian land acquisition. $370,000 in fiscal
year 2006 and $270,000 in fiscal year 2007 are appropriated to the commissioner of
natural resources for fee title acquisition and easements on high-priority, sensitive
riparian lands that provide high value for watershed protection.

Il. and lll. Final Project Summary: This project resulted in a grand total of
approximately 149 acres and 2.13 miles of lake and stream shoreline being
acquired in fee title. Environmental and Natural Resources Trust dollars directly
acquired 52.2 acres of the total, including 0.85 miles of lake and stream
shoreline. Outside funds ($527,980) and other state monies ($2,025,220)
leveraged with trust dollars totaled $2,553,200. These contributions helped
acquire the remaining acres of the grand total including 79.4 acres and 1.05
miles using other state dollars, and 17.4 acres and 0.23 miles from outside funds.

This project complemented parcel acquisitions funded in the past with capital
bonding, Trout Stamp, and Environmental Trust Fund dollars. The acquisition of
aquatic management areas adjacent to lakes and streams ensures the protection
of critical riparian habitat areas within sensitive watersheds and headwater areas,
as well as, angler and management access. Acquisition under this project



occurred in the following Counties: Bottle Lake in Hubbard, Rum River (Chuck
Davis) in Mille Lacs, Dead Lake in Otter Tail, and Maple Lake in Douglas.

V. OUTLINE OF PROJECT RESULTS: The DNR has collaborated with Basin
Coordinators from the MPCA to determine which properties on the DNR’s list of
potential acquisitions would provide the greatest watershed protection value. Both
DNR and MPCA staff believes that property that has never been developed and
contains intact native vegetation will protect the riparian area and the water quality of
the lakes and streams on which they are located, thereby supporting one aspect of
the Clean Water Legacy Act (CWLA) which seeks to protect high quality water from
becoming impaired.

Properties available for acquisition were ranked based on the following
criteria:
e  Whether or not the parcel contains undeveloped lakeshore/river bank with
riparian and aquatic vegetation intact;
The water quality of the rivers and lakes on which parcels are located;
Whether or not the parcel contains critical habitat as described in MS 86A.05
(definition of AMA) and MR 6136.07 (Priorities for Acquisition and
Improvement of Critical Natural Habitat — see Appendix B);
e User access (since these will properties will be publicly owned, how
accessible the site is to the public is important); and
e the land value of the parcel (the DNR seeks to purchase land that offers the
maximum land value to the state of Minnesota).

DNR has reviewed the ranked list and has selected those parcels that ranked as

having the highest watershed protection value, contain critical habitat, provide the
maximum land value and will be accessible for the public. The purchase of these
lands will satisfy the aims of the CWLA, which seeks to protect high quality water
from becoming impaired.

Result 1: Riparian Land Acquisition

Summary Budget Information for Result 1: LCMR Budget $640,000

Balance $0
Trust Trust Other St Other St  Other Other Other

Acquisition  Acres Miles Trust$  Acres Miles State $ Acres Miles  Other $
Bottle Lake 6.26 0.09 $219,135 23.72 0.33 $830,155 10.02 0.13 $350,710
Chuck Davis 4,01 0.25 $178,200 0.00 0.00 $0 0.00 0.00 $0
Dead Lake 4,15 0.05 $100,000 48.48 0.63 $1,167,730 7.36 0.10 $177,270
Maple Lake 37.76 0.46 $142,665 7.24 0.09 $27,335 0.00 0.00 $0
Total 52.18 0.85 $640,000 79.44 1.05 $2,025,220 17.38 0.23 $527,980

Total AcresAcquired 149.0
Total MilesAcquired  2.13



V.

TOTAL LCMR PROJECT BUDGET:

All Results: Personnel: $0

All Results: Equipment: $0

All Results: Development: $0

All Results: Acquisition: $640,000
All Results: Other: $0

TOTAL LCMR PROJECT BUDGET: $640,000

VI.

VII.

VIIIL.

OTHER FUNDS & PARTNERS:

A. Project Partners: NA

B. Other Funds being spent during the Project Period: $500,000 from the
general fund (ML 2006, Chapter 258, Article 10 - Cleanwater Legacy) will be
used in conjunction with the trust fund dollars to acquire the properties listed
on Table I. The purchase of some properties will also likely involve donations
of land value and/or cash received by the DNR from citizens or groups. Cash
and land donations made to the DNR generate Reinvest in Minnesota Critical
Habitat match dollars. If match dollars are generated, they will also be
applied towards purchasing the properties listed on Table I.

C. Required Match (if applicable): NA
D. Past Spending: Nothing on this project.
E. Time: December 4, 2006 until January 31, 2008.

DISSEMINATION: The proposed acquisitions will be fully described and
designated as AMAs in the State Register. These AMAs will also be
identified on Public Recreation Information Maps during the following year.

REPORTING REQUIREMENTS: Periodic work program progress reports will
be submitted not later than January 31, 2007 and June 30, 2008. A final work
program report and associated products will be submitted by January 31,
2008.

RESEARCH PROJECTS: NA



Attachment A. Budget Detail Final Report - Date: August 1, /2007
Project Title: Riparian Land Acquisition Project

Project Manager Name: Mike Halverson

LCCMR Requested Dollars: $640,000
Amount
BUDGET ITEM Budgeted ($) | Amount Spent ($) | Balance ($) [Comments
ACQUISITION
Land acquisition, trust fund (fee title) $640,000 $640,000 $0 Fee title acquisition
Land transaction costs (e.g., survey, title,
appraisal, environmental, & legal) $0 $0 $0
ACQUISITION - SUBTOTAL $640,000 $640,000 $0
TOTAL LCCMR Funding $640,000 $640,000 $0






