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Figure 1: The Squam Watershed. Deep spots of Squam Lake and Little Squam Lake are shown in red. 
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Squam Lakes Watershed Plan 
Water Quality and Assimilative Capacity Analysis  
Prepared by Squam Lakes Association  

1. Purpose 
The Squam Lakes Watershed Plan summarizes existing water quality data, estimates development into 

the future and the associated water quality impacts, establishes a water quality goal(s) and includes 

recommended structural and non-structural best management practices (BMPs) that when 

implemented will help meet the established water quality goal(s) for Squam Lake and Little Squam Lake.  

This water quality analysis provides a review of the available water quality data for Little Squam Lake 

and Squam Lake. These data are used to help guide the Squam Lakes Association and the Squam Lakes 

Water Quality Advisory Committee in determining a water quality goal(s) for the Squam Lakes.  

2. Introduction 
The Squam Lakes Watershed (Figure 1), located in central New Hampshire, covers 36,644 acres. At the 
heart of the watershed is Squam Lake (6,762 acres) and Little Squam Lake (408 acres). The watershed is 
20% open water. Of the land area, 85% is forested. There is minimal development in the Squam Lakes 
Watershed and along the shores of the Squam Lakes; less than 3% of the watershed is considered low 
density development, while high and medium density development are less than 0.1% of the total 
watershed area. Land cover percentages are likely to change after a land cover assessment is completed. 
There are 34 tributaries for the Squam River and Lakes. Water flows generally from east to west, from 
Squam Lake, through the Squam Channel, into Little Squam Lake, and through two miles of the Squam 
River until the lake impoundment in Ashland. Ultimately, the Squam River drains into the Pemigewasset 
River in Ashland. Under high flow conditions, the Squam River can reverse flow, so tributaries 
downstream of Little Squam can impact water quality in the lake. The watershed is divided among 
multiple political boundaries: three counties (Belknap, Carroll, and Grafton) and seven towns (Ashland, 
Campton, Center Harbor, Holderness, Meredith, Moultonborough, and Sandwich). Elevations range 
from 2,212 feet on Mount Percival in the Squam Range, which forms the northern boundary of the 
watershed, to 561 feet at the outlet dam in Ashland.  

Pursuant to state legislation (RSA 485-A:8, I-III), the Squam Lakes are  designated as Class A 
waters, which are waters considered to be of the highest quality and optimal for use as a drinking water 
source after adequate treatment According to the New Hampshire 2016 Section 305(b) and 303(d) 
Consolidated Assessment and Listing Methodology Squam Lake and Little Squam Lake are listed 
as impaired for Aquatic Life Use due to low pH, and low dissolved oxygen. Little Squam is also impaired 
for non-native aquatic species. According to NHDES’s the most recent lake trophic survey reports Squam 
Lake and Little Squam Lake are both classified as oligotrophic. The NH Lakes Lay Monitoring Program 
reports from 2013 and the Squam Lakes Association Squam Watershed Reports confirm that water 
quality in the Squam Lakes is generally good with some declining trends in certain sites: Cotton Cove has 
experienced an increase in chlorophyll-a and Livermore Cove has experienced a decreasing secchi disk 
transparency. 

The Squam Lakes Watershed Plan targets phosphorus as a pollutant of concern and as a measurement 
of nutrient loading to Squam Lakes. By addressing phosphorus and identifying causes and sources of 
existing and anticipated future pollutant loading within the watershed, the plan will also be addressing 
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the dissolved oxygen impairments, as oxygen depletion in lakes can be tied to eutrophication and excess 
nutrients, such as phosphorus.  

3. Summary of existing water quality data 
Regular water quality monitoring on Squam began in 1979 as the first volunteer monitoring program in 

UNH Cooperative Extension’s Lakes Lay Monitoring Program (LLMP). This program operates in the 

summer months and in Squam’s 18 basins. Volunteers monitor an assigned site that is one of Squam’s 

18 basins. Not all 18 basins are monitored by volunteers. Volunteers visit their assigned site once per 

week June through September and gather Secchi disk transparency readings. Monthly volunteers collect 

a dissolved oxygen profile.  Every other week during this time period, volunteers take a temperature 

profile and gather an epilimnetic composite sample using an integrated tube sampler. The sample is 

processed and later analyzed for total phosphorus, chlorophyll-a, and color. Once per month from June 

through August, LLMP biologists take more extensive samples at each of the 18 sites across the lakes 

including. Other parameters collected include turbidity, soluble reactive phosphorus, pH, alkalinity, 

specific conductivity, sodium, chloride, and dissolved oxygen. The data are accepted and entered into 

the Environmental Monitoring Database (EMD) managed by NHDES. 

The SLA worked with the LLMP to complete a tributary monitoring study in 1999-2000. This watershed 

wide study examined stream flow and phosphorus levels in 34 Squam tributaries.  Data and the 

summary report are both available at the SLA. 

Additionally, the SLA has worked to expand water quality monitoring on Squam. In addition to the 

regular LLMP monitoring season of June through August, the SLA now monitors water quality sites at 

least once per month in April, May, September, October, November, and December (ice conditions 

permitting). In 2015, the acquisition of oxygen meters allows the gathering of dissolved oxygen profiles 

once per month. In 2017, the SLA also began winter water quality monitoring.  

4. Analysis design and methods 
Data acquisition and analysis followed the protocol established in the April 18, 2018 Site Specific Project 
Plan (SSPP). As established in the SSPP, the parameters assessed for the Squam Lakes Watershed Plan 
include Secchi disk transparency (SDT), as well as chlorophyll-a and total phosphorus from epilimnetic 
composite samples from the summer season (May 24th through September 15th). Water quality data 
were accessed from the NHDES EMD. SDT is an indicator of water clarity and is measured by lowering a 
black and white disk into the water and measuring the point at which it is no longer visible. Higher SDT 
measurement indicate better water quality. Lower SDT values often mean there is higher concentrations 
of algae and suspended sediment in the water, both of which contribute to poorer water quality. 
Phosphorus is the limiting nutrient in most temperate freshwater waterbodies. As phosphorus 
concentrations increase, usually algae growth will also increase. Chlorophyll-a is the measurement of 
the primary productivity of a body of water. Higher levels of chlorophyll-a indicate more photosynthesis 
is occurring and there is more algae and plant growth, usually connected with poorer water quality. 

The most recent data available from the EMD was from 2017. Using these data, we set different time 
ranges. Historic data was from more than ten years ago (1979-2007), while recent data was from the 
most recent ten years (2008-2017). We also analyzed the entire data set (1979-2017). Trends in water 
quality for each parameter were analyzed by the Mann-Kendall test (rkt, R statistical program; 
Marchetto, 2015). 
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5. Water quality standards and criteria 
According to the NH Consolidated Assessment and Listing Methodology (CALM). New Hampshire’s water 
quality standards provide the baseline quality that all surface waters of the State must meet in order to 
protect their intended uses. They are the measure for identifying where water quality violations exist 
and for determining the effectiveness of regulatory pollution control and prevention programs. Water 
quality criteria are designed and established to protect the designated uses, which are the uses that a 
given waterbody should support. Water quality criteria for each classification may be found in RSA 485-
A:8, I-V and in the State’s surface water quality regulations Env-Wq 1700. Water quality criteria vary 
depending on the lakes trophic status (Table 1). 

Table 1: Trophic state water quality criteria in New Hampshire. 

Trophic State Total Phosphorus (ppb) Chlorophyll-a (ppb) 

Oligotrophic <8.0 <3.3 

Mesotrophic 8.0-12.0 3.3-5.0 

Eutrophic >12-28.0 >5.0-11.0 

6. Squam Lake Water Quality 
Generally, water quality in Squam Lake is stable and consistent. Table 2 shows the summary data for 
Squam Lake’s deep spot near Deephaven Reef. Epilimnetic total phosphorus exhibits no annual trends 
since 1982, when TP data was first collected (Figure 2). The historic (1982-2007) record shows a trend 
toward increasing chlorophyll-a (Figure 3). For water clarity, measured by Secchi disk, the entire data set 
and the most recent ten years of data show a trend toward increasing water clarity, indicating an 
improvement in water quality (Figure 4). 
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Table 2: Squam Lake summary statistics for epilimnetic total phosphorus, epilimnetic chlorophyll-a, and Secchi disk transparency 
during the summer season (May 24th-September 15th). Trends were determined using the Mann-Kendall trend analysis test. 

Squam Lake  
Total Phosphorus 

n Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max  
(ppb) 

Trend MK p-
value 

MK 
slope 

All years (1982-2017, y= 31) 87 6.2 6 1.5 6.2 no trend 0.683 0.021 

Historic (1982-2007, y=21) 51 6.1 5.6 1.5 18.3 no trend 1.000 -0.008 

Recent (2008-2017, y=10) 36 6.4 6.5 3.4 13.3 no trend 0.788 -0.020 

Squam Lake  
Chlorophyll-a 

n Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max  
(ppb) 

Trend MK p-
value 

MK 
slope 

All years (1982-2017, y= 36) 93 2.0 1.9 0.5 6.0 no trend 0.185 0.015 

Historic (1982-2007, y=26) 58 2.0 1.9 0.5 6.0 declining 0.015 0.050 

Recent (2008-2017, y=10) 35 1.9 1.7 1.1 3.4 no trend 0.857 -0.008 

Squam Lake  
Secchi Disk Transparency 

n Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max  
(ppb) 

Trend MK p-
value 

MK 
slope 

All years (1982-2017, y= 34) 92 8.7 8.8 6.3 11.4 improving 0.048 0.030 

Historic (1982-2007, y=24) 55 8.5 8.6 6.5 11.4 no trend 0.766 0.009 

Recent (2008-2017, y=10) 37 9.0 9.2 6.3 11.4 improving 0.025 0.225 

 

 

Figure 2: Annual median epilimnetic total phosphorus for the deep spot of Squam Lake, 1982-2017 
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Figure 3: Annual median epilimnetic chlorophyll-a for the deep spot of Squam Lake, 1982-2017 

 

Figure 4: Secchi disk transparency for the deep spot of Squam Lake, 1982-2017. 

7. Little Squam Lake Water Quality  
Generally, water quality in Little Squam Lake is stable and consistent. Table 3 shows the summary data 
for Little Squam Lake’s deep spot at the western edge of the lake. Epilimnetic total phosphorus exhibits 
no annual trends since 1982, when TP data was first collected (Figure 5). The historic (1982-2007) record 
shows no trend in chlorophyll-a concentrations (Figure 6). For water clarity, measured by Secchi disk, 
the entire data set and the most recent ten years of data also show no trend (Figure 7). 
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Table 3: Little Squam Lake summary statistics for epilimnetic total phosphorus, epilimnetic chlorophyll-a, and Secchi disk 
transparency during the summer season (May 24th-September 15th). Trends were determined using the Mann-Kendall trend 
analysis test. 

Little Squam Lake  
Total Phosphorus 

n Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max  
(ppb) 

Trend MK p-
value 

MK 
slope 

All years (1980-2017, y= 33) 191 7.0 6.4 1.5 29.4 no trend 0.336 -0.021 

Historic (1980-2007, y=23) 101 7.3 6.3 1.5 29.4 no trend 0.161 -0.056 

Recent (2008-2017, y=10) 90 6.5 6.4 4.2 9.8 no trend 0.474 0.181 

Little Squam Lake  
Chlorophyll-a 

n Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max  
(ppb) 

Trend MK p-
value 

MK 
slope 

All years (1979-2017, y= 39) 463 1.9 1.9 0.4 4.3 no trend 0.370 0.008 

Historic (1979-2007, y=29) 362 1.9 2.0 0.4 4.3 no trend 0.053 0.030 

Recent (2008-2017, y=10) 101 1.9 1.8 1.0 3.0 no trend 0.474 0.054 

Little Squam Lake  
Secchi Disk Transparency 

n Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max  
(ppb) 

Trend MK p-
value 

MK 
slope 

All years (1979-2017, y= 39) 571 7.3 7.3 5.0 9.6 no trend 0.468 -0.006 

Historic (1979-2007, y=29) 406 7.1 7.3 5.0 9.6 no trend 0.750 0.010 

Recent (2008-2017, y=10) 165 7.3 7.4 5.9 8.9 no trend 0.589 0.075 

 

 

Figure 5: Annual median epilimnetic total phosphorus for the deep spot of Little Squam Lake, 1982-2017 
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Figure 6: Annual median epilimnetic chlorophyll-a for the deep spot of Little Squam Lake, 1982-2017 

 

Figure 7: Secchi disk transparency for the deep spot of Little Squam Lake, 1982-2017. 

8. Assimilative Capacity 

The assimilative capacity of a waterbody describes the amount of pollutant that can be added to that 
waterbody without exceeding water quality criteria. For New Hampshire lakes, the water quality criteria 
for phosphorus and chlorophyll-a are based on the lake’s trophic status. The NHDES has determined that 
the trophic status of Squam Lakes are categorized as oligotrophic. For oligotrophic lakes, the water 
quality criteria for phosphorus and chlorophyll-a is 8 ppb and 3.3 ppb, respectively. Total assimilative 
capacity is the difference between zero and the water quality criteria and thus is set by the water quality 
criteria. The NH Surface Water Quality Standards (ENV-Wq-1708) require that 10% of the assimilative 
capacity for a waterbody must be held in reserve. For Squam Lake and Little Squam Lake, the reserve 
assimilative capacity for total phosphorus and chlorophyll-a is 7.2 ppb and 3.0 ppb, respectively. The 
remaining assimilative capacity is the calculated difference between the water quality criteria and the 
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existing median water quality value.  Epilimnetic total phosphorus and chlorophyll-a levels should 
remain below 7.2 ppb and 3.0 ppb, respectively, to be in the Tier 2 High Quality Water category for an 
oligotrophic lake. Tier 2 waters in New Hampshire are of the highest quality—water quality is better 
than 10% of the criteria (Table 4). Tier 1 waters are within 10% of the water quality standard, and 
impaired waters exhibit water quality that is below the state standard. 

Table 4: NH surface water classification. 

Water Quality 
Classification 

Description Total Phosphorus 
(ppb) 

Chlorophyll-a 
(ppb) 

Tier 2 Water quality is better than 10% of 
the water quality standard 

<7.2 <3.3 

Tier 1 Water quality is within 10% of the 
water quality standard 

7.2-8.0 3.3-5.0 

Impaired Water quality is below the standard >8.0 >5.0-11.0 

Recent (2008-2017) median epilimnetic TP and chlorophyll-a for the deepest spots on both Squam and 
Squam Lakes were used to calculate the total, reserve, and remaining assimilative capacity. For Squam 
Lake and Little Squam Lake, the reserve existing mean for both total phosphorus and chlorophyll-a is 
lower than the reserve assimilative capacity threshold for Tier 2, high quality waters (Table 5).  

Table 5: Assimilative capacity, reserve assimilative capacity, remaining assimilative capacity, and waterbody classification for 
total phosphorus and chlorophyll-a in Squam Lake and Little Squam Lake. 

Squam Lake 
Assimilative 
Capacity 

Existing 
Median 
TP 
(ppb) 

Assimilative 
Capacity 
(ppb) 

Reserve 
Assimilative 
Capacity 
(ppb) 

Remaining 
assimilative 
capacity 
(ppb) 

Waterbody 
classification 

Total Phosphorus 6.5 8 7.2 0.7 Tier 2 

Chlorophyll-a 1.7 3.3 3.0 1.3 Tier 2 

Little Squam Lake 
Assimilative 
Capacity 

Existing 
Median 
TP 
(ppb) 

Assimilative 
Capacity 
(ppb) 

Reserve 
Assimilative 
Capacity 
(ppb) 

Remaining 
assimilative 
capacity 
(ppb) 

Waterbody 
classification 

Total Phosphorus 6.4 8 7.2 0.8 Tier 2 

Chlorophyll-a 1.8 3.3 3.0 1.2 Tier 2 

 

9. Recommendations 
The Squam Lakes have a rich and long history of water quality monitoring. It is recommended to 

continue to build on this dataset and examine the following further:  

 Squam and Little Squam Lakes have 18 distinct basins. Water quality and assimilative capacity 

analysis can be performed for each of these basins. 

 Conduct near-shore water quality monitoring.  



10 
 

 Conduct tributary water quality monitoring. 

 Continue with year-round water quality monitoring to understand annual trends and patterns. 

 Continue to monitor dissolved oxygen concentrations throughout the year. Perform more 

analysis of dissolved oxygen profiles. 
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