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Introduction 
The report summarizes and interprets the results from the Lake Loading Response Model (LLRM) 

developed for Squam Lake and Little Squam Lake. The LLRM is a spreadsheet-based tool that estimates 

the phosphorus loading and water inputs to a waterbody and its tributaries.   Inputs include Land cover, 

precipitation, waterfowl, lake volume, and septic systems. The model produces an estimate for the 

amount of water and phosphorus that enters the lake from tributaries and direct runoff from shorefront 

properties (Figure 1.) The LLRM also estimates in-lake phosphorus contributions, chlorophyll-a 

concentrations and secchi disk transparency, but phosphorus was the primary parameter for this study. 

These water quality predictions can be used to identify nonpoint source pollution sources, estimate 

future lake water quality conditions, guide the creation of a water quality goal, and direct watershed 

management plan implementation. Both Squam and Little Squam lakes were modeled separately. 

Watershed and Sub-basin delineation 
Both Squam and Little Squam Watersheds were broken down into subbasins. The US Geological Society 

StreamStats was used to delineate 17 subbasins in the Squam Lakes Watershed and 7 in the Little 

Squam Watershed. All other land area was considered direct shoreline input to the lakes.  

Land Cover Update 
Land cover is the primary input to the LLRM since it determines the quantity and quality of water that 

flows into the Squam Lakes. The LLRM uses water and phosphorus loading coefficients for different land 

cover types to estimate how much water and phosphorus reaches the Squam Lakes. Providing an 

adequate representation of current land cover will contribute to a more accurate model. The 2001 New 

Hampshire Land Cover Assessment (NHLCA) from NH GRANIT was used as a starting point for 

determining current land cover in the Squam Lakes Watershed.  Land cover types from the NHLCA from 

2001 were translated in the land cover types used by the LLRM (reference translation). Using Google 

Earth satellite images from 6/2/2018, local knowledge and ground-truthing in the field, major land cover 

changes were noted and changed within the working land cover file. The following assumptions were 

made during the land cover correction process:  

 Forest 3: Mixed was the default category for any land determined to be forest. 

 Athletic fields and cemeteries were labeled as Urban 5: Open Space. 

 Residential lawns were labeled as Urban 1: Low density residential. 

 Unpaved roads from the NHDOT roads layer from NH GRANIT were labeled as Other 2: Unpaved 

Roads.  

 Wetlands from the National Wetlands Inventory were labeled as Forest 4: Wetlands. 
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Other LLRM Inputs 
 Precipitation: Monthly precipitation data were obtained from NOAA NCEI for the MEREDITH 2.9 

SSW, NH US (Station ID: US1NHBK0009) weather station with 2008-9 data gaps not included in 

10-year average. Average annual precipitation totals from 2010-2017 were input to the model 

(49.4 in or 1.25 m). 

 Septic system data was an estimate based on a number of sources including 2010 Census 

information for the state of New Hampshire, buildout analysis results from the Lakes Region 

Planning Commission, QGIS area calculations, P. Tarpey’s 2013 thesis, and Lake Waukewan and 

Winona septic survey results. (A septic system survey was completed for lakeshore residents 

around Lake Waukewan and Lake Winona in 2014 as part of development of a watershed 

management plan. It was assumed that the relative break-out of seasonal or year-round and old 

or new systems would be similar to other lake watersheds in the area.) 

 Assumed 133 waterfowl (0.3 per hectare of lake area) were contributing to the phosphorus 

loading for half the year. 

 Lake area was calculated based on a clip from NH GRANIT NHDWaterbody shapefile. 

 Bathymetry data was based on extensive lake depth data gathered by Brad Washburn (1962).  

The Squam Lake bathymetry data produced a lake volume that was 20% greater than the NHDES 

1989 trophic survey for Squam Lake, and 7% greater than the 2009 NHDES trophic survey for 

Little Squam Lake. 

 Water quality data were obtained from the NHDES Environmental Monitoring Database. Both 

the Squam and Little Squam models were calibrated using data from each lake’s deepest point 

between 2008 and 2017. Data collection is summarized in the Water Quality and Assimilative 

Capacity Analysis report. The most recent tributary water quality data was collected in 1999-

2000. These data were also used to calibrate the model. Lake water quality data was also used 

to determine and calculate internal loading. Anoxia calculations to determine internal loading 

included dissolved oxygen data from other water quality sites for Squam Lake (Livermore Cove, 

Sandwich Bay, Moultonborough Bay, Sturtevant Bay, Dog Cove, Piper Cove, and Loon Reef).  

 Atmospheric P deposits primarily as dry deposition—dust that gets blown up into the air and 

settles down somewhere else—those will contain P particles. As development increases, so will 

atmospheric P. The atmospheric P export was set at 0.11 kg/ha/year, a value determined from 

existing scientific literature. 

Model Limitations 
 Limited current data for tributary water quality. 

 Septic information is based on estimates. 

 Waterfowl info based on estimates and assumptions. 

 Squam is a complex lake and it is difficult to split into lake subbasins. This made the internal 

loading calculations difficult. 

 

 

Comment [WW1]: Is 10 year range 2008-
2017, but only 8 years used because of prior 
statement. Is there another station with 10 
year data? 
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Figure 1: Map of the Squam Lake and Little Squam Lake Watersheds and their subbasins. Cross-hatched areas are direct 
shoreline input. Red dots indicate water quality monitoring sites. LS West (in Little Squam Lake) and Deephaven (in Squam Lake) 
are the deepest points in each lake are were used to calibrate the LLRM. 
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Figure 2: Land cover summary for the Squam Lake and Little Squam Lake. 
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Figure 3: Land cover conditions in the Squam Lake Watershed after correcting existing land cover files. 

Calculating pre-development phosphorus loads 
To estimate phosphorus loading in the Squam Lakes before development occurred, all human 

development related land cover categories—including all urban and agriculture, excavation, logging, and 

unpaved roads—was changed to forest land cover. The estimate for pre-development loading was 

calculated without breaking each watershed into subbasins.  

Other assumptions and changes for calculating pre-development phosphorus loads: 



6 
 

 Septic input was removed. 

 Removed internal loading input. 

 Reduced atmospheric loading coefficient to 0.07 kg/ha/year 

 All other parameters were kept the same to the original model. 

Calculating future phosphorus loads 
The Squam Lakes Watershed Build-out analysis from the Lakes Region Planning Commission was used to 

estimate land cover at full build-out at roughly 2148. The buildout analysis estimated an increase in 

developed land and buildings for each watershed town and for the Squam and Little Squam Watersheds. 

At full buildout, the Squam Lake Watershed will experience an increase in development of 72%, and the 

Little Squam Lake Watershed will see an increase of 79%.  

Next, each type of land cover that is considered development (all urban types, excavation, logging, and 

unpaved roads) were increased proportionally by the estimated increase in area of development from 

the buildout analysis. It was assumed that the new developed land at buildout will occur on current 

forest and agriculture land, so the area of developed land was subtracted proportionally from current 

forest and agricultural land. 

Other assumptions and changes for calculating future phosphorus loads: 

 Did not change the precipitation input, even though precipitation will likely change in the future. 

 Septic input was estimated using building numbers at full buildout using same proportion of 

seasonal and occupied homes.  

 Internal loading was estimated to be the same percentage at full buildout as it is currently. 

 Increased atmospheric loading coefficient to 0.25 kg/ha/year 

 All other parameters were kept the same to the original model. 

Results (current, predevelopment, and future load estimates) 

Squam Lake Watershed 
In Squam Lake, the Dog Cove 1 subbasin contributes the greatest annual phosphorus yield followed by 

the direct shoreline input (Table 1). At full buildout, the amount of phosphorus entering Squam Lake will 

more than double (from 1121.3 kg/ha/year to 2805 kg/ha/year; Table 2). In Squam Lake, phosphorus 

load from the watershed (runoff and baseflow) contributes the greatest amount of phosphorus to the 

lake (Table 2, Figure 4). Septic input is estimated at 15% and internal loading is 1%. Septic and internal 

loading are rough estimates and will need further study to refine. At full buildout, the LLRM estimated 

that there will be an increase in relative impact from septic systems. This is based on a series of 

assumptions, and should be refined to understand further. This can be further refined by estimating 

building locations and limiting septic influence to the lake from only buildings within 250 feet from 

surface water. 

Predicted in-lake phosphorus concentrations for Squam Lake were 7.9 ppb, which measured values for 

the lake’s deepest spot (Deephaven site) were 7.8 ppb (Table 3). Table 3 also includes mean total 

phosphorus concentrations for other lake sites for comparison. Measured values were increased by 20% 

as an estimate for year-round total phosphorus concentrations. There is limited year-round data for the 

Squam Lakes. Generally, total phosphorus concentrations are higher when the lake is not stratified 
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(during the summer season). All observed data for this study was from the summer season—May 24th-

September 15th. Based on previous watershed plans, the in-lake total phosphorus concentrations were 

increased by 20% to account for this. The Squam Lakes Association is currently conducting water quality 

monitoring during all months of the year, though only two seasons of data have been collected. In the 

near future, the actual difference between phosphorus concentrations in the summer season and other 

seasons can be calculated. At full buildout, the LLRM predicts in-lake total phosphorus concentrations 

will be 16.9 ppb, which would put Squam Lake in the eutrophic trophic status. 

Table 1: Summary of land area, water flow, and total phosphorus loading by subbasin the Squam Lake watershed. 

Squam Lake subbasin basin area 
(ha) 

Water flow 
(cu m/year) 

P yield 
(kg/year) 

calculated P 
concentration 
(mg/L) 

P yield per 
hectare 
(kg/ha/year) 

Cotton Cove  91.73 620184.95 4.27 0.01 0.05 

Shadbush 179.47 1227840.21 13.75 0.01 0.08 

Livermore Cove 316.80 2143906.80 17.18 0.01 0.05 

Carns Cove 123.92 838694.72 7.25 0.01 0.06 

Bennett 160.94 1090437.96 6.85 0.01 0.04 

Bennett 2 204.44 1383554.87 10.57 0.01 0.05 

Smith Brook 708.59 4751332.44 23.73 0.00 0.03 

Eastman Brook 405.55 2739561.98 17.21 0.01 0.04 

Intervale Pond 517.70 3450198.93 21.98 0.01 0.04 

Kusumpe 130.64 817217.47 5.15 0.01 0.04 

Barville 721.12 4261605.27 39.01 0.01 0.05 

Red Hill (Eagle Cliff) 128.27 865781.96 4.91 0.01 0.04 

Kent lsland 98.06 662990.98 3.96 0.01 0.04 

Dog Cove 2 217.99 1457089.06 17.88 0.01 0.08 

Belknap Woods 295.44 1990034.23 20.05 0.01 0.07 

Dog Cove 1 (Laurel 
Island) 

437.78 2837726.39 47.32 0.02 0.11 

White Oak Pond 1189.11 7207100.58 70.81 0.01 0.06 

Direct Shoreline 2681.63 18948539.09 269.03 0.01 0.10 

Total 8609.2 57293797.9 600.9  1.0 
 

Table 2: Phosphorus Lload estimates from the Lake Loading Response Model (kg/ha/year) for Squam Lake. 

Big Squam 

 pre-development current future 

atmospheric 192.2 302.0 686.5 

internal  13.2 33.0 

waterfowl 36.6 36.6 36.6 

septic 0.0 168.6 678.9 

watershed load 250.4 600.9 1370.0 

total 479.2 1121.3 2805.0 
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Figure 4: Phosphorus load summary from the Lake Loading Response Model for Squam Lake. 

 

Table 3: Measured predicted in-lake total phosphorus concentrations for Squam Lake. Measured values are increased by 20% as 
an estimate for year-round in-lake phosphorus concentrations 

Scenario/Site median TP 
(ppb) 

predicted Big Squam pre-
development 

2.9 

predicted Big Squam current (2017) 7.9 

predicted Big Squam future (2148)  16.9 

Deephaven (measured +20%) 7.8 

Dog Cove (measured +20%) 8.6 

Piper Cove (measured +20%) 9.0 

Sandwich Bay (measured +20%) 6.9 

 

Little Squam Lake Watershed 
Direct shoreline input contributes the greatest annual phosphorus yield to both Little Squam Lake (Table 

4). Most of the loading to Little Squam Lake comes from Big Squam Lake (Table 5). At full buildout, there 

amount of phosphorus entering Little Squam Lake will more than double (from 1031.3 kg/ha/year to 

2547.7 kg/ha/year). At full buildout, the impact from the watershed (runoff and baseflow) and septic 

will increase proportionally (Figure 5). Septic and internal loading are rough estimates and will need 

further study to refine.  

Predicted in-lake phosphorus concentrations for Little Squam Lake were 7.6 ppb, and measured values 

for the lake’s deepest spot were 7.7 ppb (Table 6). Measured values were again increased by 20% as an 

estimate for year-round total phosphorus concentrations. At full buildout, the LLRM predicts in-lake 

Comment [WW2]: It seems odd that at full 
buldout, septic inputs increase and the inputs 
from watershed loading decrease. You should 
take another look at the calculations. 
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total phosphorus concentrations will be 18.7 ppb, which would put Little Squam in the eutrophic trophic 

status. 

 

 

Table 4: Summary of land area, water flow, and total phosphorus loading by subbasin the Little Squam Lake watershed. 

Little Squam 
Subbasins 

basin area 
(ha) 

Water flow 
(cu m/year) 

P yield 
(kg/year) 

calculated P 
concentration 
(mg/L) 

P yield per 
hectare 
(kg/ha/year) 

North Brook 229.3 1,462,371  13.4 0.009 0.06 

Owl Brook 2172.4 13,805,256  160.3 0.012 0.07 

Science Center 
Brook 

75.8 513,024  5.4 0.010 0.07 

SE Little Squam 95.4 644,947  6.3 0.010 0.07 

South Little 
Squam 1 

139.4 944,279  5.7 0.006 0.04 

South Little 
Squam 2 

78.4 531,589  5.5 0.010 0.07 

South Little 
Squam 3 

42.5 288,764  3.1 0.011 0.07 

Direct Shoreline  549.3 3,681,088  72.3 0.020 0.13 

Total 3382.55 21871317.92 272.05  0.58 

 

 

Table 5: Load estimates from the Lake Loading Response Model (kg/ha/year) for Little Squam Lake. 

 Little Squam 

 pre-development current future 

atmospheric 11.9 18.7 42.5 

internal 0.0 2.2 5.4 

waterfowl 6.8 6.8 6.8 

septic 0.0 116.9 510.9 

watershed 
load 

98.2 272.0 657.7 

from Big 
Squam 

225.0 614.7 1323.4 

total 341.9 1031.3 2546.7 
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Figure 5: Phosphorus load summary from the Lake Loading Response Model for Little Squam Lake. 

 

Table 6: Measured predicted in-lake total phosphorus concentrations. Measured values are increased by 20% as an estimate for 
year-round in-lake phosphorus concentrations 

Scenario/Site median TP 
(ppb) 

predicted Little Squam pre-
development 

2.9 

predicted Little Squam current (2017) 7.6 

predicted Little Squam future (2148)  18.7 

Little Squam West (measured +20%) 7.7 

Recommendations: 
 Delineate the subwatersheds for each lake basin and run the LLRM for each basin, comparing 

resulting in-lake phosphorus concentrations to modeled concentrations.  

 For the future development estimation, break the watersheds into subbasins to determine the 

subbasins that are at greatest risk to development threat.  

 Conduct a septic survey to understand the impacts of septic systems on Squam Lake water 

quality. Current model calculated septic based on data from other lakes in the region (Winona 

and Waukewan). 

 Conduct a shoreline survey around Squam Lake, Little Squam Lake, and all watershed ponds to 

determine the shoreline development impacts on water quality. 

 The SLA has been collecting year-round water quality samples. Adding the measured year-round 

in-lake total phosphorus concentrations can strengthen the model. 

 Gather total phosphorus samples from the channel between Squam and Little Squam, and at the 

outlet point of the lake. These TP levels will strengthen the model. 

 Use the buildout analysis to spatially layout buildings at full buildout. This will help estimate the 

future impacts of septic systems on the lake. 
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 Buildout analsyis is more than 100 years in the future. Consider a looking at development 25-50 

years in the future. 
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