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Purpose:  
This report summarizes the steps taken to determine a water quality goal for Squam Lake and Little 

Squam Lake for the Squam Lakes Watershed Management Plan. Partners, collaborators, and 

stakeholders worked together to review existing data and water quality model predictions to determine 

an in-lake water quality goal. The goal will be used to measure the success of the watershed 

management plan recommendations. 

Site Description 
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. 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.  

Water quality summary 
Data for assessing current water quality conditions in Squam and Little Squam Lakes is performed 
through the UNH Cooperative Extension’s Lakes Lay Monitoring Program (LLMP), which began on Squam 
in 1979.  Generally, water quality in Squam Lake, as measured at the lake’s deepest spot—Deephaven 
Reef—is stable and consistent. Epilimnetic total phosphorus (TP) exhibits no annual trends since 1982, 
when TP data was first collected. The historic (1982-2007) record shows a trend toward increasing 
chlorophyll-a. 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. 
Water quality in Little Squam Lake is also stable and consistent. Epilimnetic total phosphorus exhibits no 
annual trends since 1982, when TP data was first collected. The historic (1982-2007) record shows no 
trend in chlorophyll-a concentrations. For water clarity, measured by Secchi disk, the entire data set and 
the most recent ten years of data also show no trend. The Water Quality and Assimilative Capacity 
Analysis report provides more details of water quality data and analysis. 

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 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’s Squam Watershed Reports confirm that water 
quality in the Squam Lakes is generally good with some declining trends in certain sites: Cotton Cove has 
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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 the 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 
the dissolved oxygen impairments, as oxygen depletion in lakes can be tied to eutrophication and excess 
nutrients, such as phosphorus.  

 

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. 

 

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 the Squam Lakes are categorized as oligotrophic. For oligotrophic lakes, the water 
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quality criteria for phosphorus and chlorophyll-a are 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 

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 reserve assimilative capacity. 

Table 1: Assimilative capacity, reserve assimilative capacity, remaining assimilative capacity, and waterbody classification for 
total phosphorus Squam Lake and Little Squam Lake. 

Water Body Existing 
Median 
TP 
(ppb) 

Assimilative 
Capacity 
(ppb) 

Reserve 
Assimilative 
Capacity 
(ppb) 

Remaining 
assimilative 
capacity 
(ppb) 

Waterbody 
classification 

Squam Lake 6.5 8 7.2 0.7 Tier 2 

Little Squam Lake 6.4 8 7.2 0.8 Tier 2 

Lake Loading Response Model Results 
The Lake Loading Response Model (LLRM) was used to link current water quality conditions in both 

Squam and Little Squam Lakes to the existing land cover in the surrounding watershed. Land cover, 

precipitation, waterfowl, lake volume, and septic systems are inputted into the model. The model 

produces an estimate for the amount of water and phosphorus that enter the lake from tributaries and 

direct shorefront input. Both Squam and Little Squam lakes were modeled separately. For Little Squam, 

the estimated in-lake concentration was used to calculate the loading from Big Squam as a point source. 

Each lake was broken down into subwatersheds to determine how much phosphorus is estimated to 

come from different tributaries around the watershed.  

Current (2008-2017) water quality data from the deep spots for each lake—Deephaven Reef for Squam 

Lake and West Little Squam for Little Squam Lake—were used to calibrate the model. Squam Lake has a 

complicated bathymetry. Further analysis of flow and the subwatersheds that flow in to specific lake 

basins can provide greater insight into the nutrient dynamics in the Squam Lake system. Table 2 shows 

the results of the LLRM for Squam and Little Squam Lake and the comparison of the modeled results to 

existing data (existing mean total phosphorus was increased by 20% under the assumption that year-

round TP concentrations are 20% higher than the summer season median). 

The LLRM predicted TP concentrations that were less than 1% different from the measured existing 

conditions (with the 20% increase to account for year-round concentrations). The model also predicted 

reasonable mean chlorophyll-a concentrations. However, the model produced secchi disk transparency 

values that were much lower than the measured values. 
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Table 2: Existing water quality measurements and results from the Lake Loading Response Model. Existing median total 
phosphorus concentrations were increase by 20% to estimate year-round TP concentrations.  

Squam Lake Existing 
Median 
TP 
(ppb) 

Predicted 
Median TP 
(ppb) 

Existing 
Mean Chl-a 
(ppb) 

Predicted 
Mean Chl-a 
(ppb) 

Existing 
mean SDT 
(m) 

Predicted 
SDT (m) 

Predevelopment -- 2.9 -- 0.2 -- 12.8 

Current (2017) 7.8 7.9 1.7 1.6 9.2 4.7 

Future (2148) -- 16.9 -- 5.4 -- 2.6 

Little Squam Lake Existing 
Median 
TP 
(ppb) 

Predicted 
Median TP 
(ppb) 

Existing 
Mean Chl-a 
(ppb) 

Predicted 
Mean Chl-a 
(ppb) 

Existing 
mean SDT 
(m) 

Predicted 
SDT (m) 

Predevelopment -- 2.5 -- 0.0 -- 1.2 

Current 7.7 7.6 1.8 1.5 7.4 4.9 

Future (2148) -- 18.7 -- 6.3 -- 7.1 

 

With a calibrated model, land cover and other model parameters can be changed to reflect conditions at 

different periods in the past and future. The model scenarios help provide an understanding of what 

water quality in the Squam Lakes looked like before development and when the watershed reaches its 

full buildout (estimated to be around the year 2148 by the completed buildout analysis). Before 

development, in-lake TP concentrations were less than 3 ppb (Figure 2). These historic estimates provide 

an idea of the best possible water quality for the Squam Lakes. At full buildout, TP concentrations in 

Squam Lake and Little Squam Lake will be an estimated 16.9 and 18.7 ppb respectively. These high TP 

concentrations provide a worst-case scenario for water quality in the Squam Lakes. The estimated TP 

concentrations for the future, full buildout scenario, would place both lakes in the eutrophic trophic 

class. 
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Figure 2: LLRM predictions for pre-development, current, and future in-lake total phosphorus concentration. 

Water Quality Goal 
The LLRM demonstrated changes in water quality as land cover changes through human development. 

Using the model results, we can make management decisions that will protect water quality in the 

Squam Lakes. Both Squam Lake and Little Squam Lake have in-lake phosphorus conditions that are 

within the State of New Hampshire’s oligotrophic criteria, and there is enough reserve capacity to 

assimilate the input of additional phosphorus as development increases; however, the buildout analysis 

and the results from the LLRM demonstrate that Squam Lakes are extremely vulnerable to new 

development.  Thus, establishing a water quality goal that maintains current water quality better than 

the oligotrophic criteria is recommended to protect water quality into the future. 

The goal of the Squam Lakes Watershed Plan is to maintain current water quality in the Squam Lakes by 

reducing new or offsetting existing pollutant loading to Squam Lake and Little Squam Lake. To maintain 

current in-lake total phosphorus concentrations in the Squam Lakes, a total of 113.1 kg/year of 

phosphorus load must be reduced in the Squam Lakes (Table 3). This reduction is based on estimating 

the rate of development using the buildout analysis, and using a compound annual growth rate to 

determine how much the projected load will increase during the next ten years. 

Table 3: Total phosphorus loading (kg/year) reductions necessary to achieve water quality goal. 

 

Projected 
load 
increase 
from new 
dev in next 
10 yrs [A] 

Reductions 
possible 
from sites 
identified 
by 
watershed 
survey [B] 

Further 
reductions 
needed [A-
B] 

Fix high 
impact 
shoreline 
properties 

Fix 
medium 
impact 
shoreline 
properties 

Upgrade 
year-round 
shoreline 
septic 
systems 

Upgrade 
seasonal 
shoreline 
septic 
systems 

Squam 
Lake 78.7 26.6 52.1 33.4 17.9 0.7 0.2 
Little 
Squam 
Lake 34.4 6.8 27.6 19.1 8.1 0.4 0.1 
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Total 113.1 33.4 79.7 52.5 25.9 1.1 0.3 

 

Pollutant load reductions needed to achieve the objective 

Watershed survey 
A watershed survey conducted in May 2018 identified erosion hotspots in locations around the 

watershed. Erosion brings sediment and nutrients, including phosphorus, into surface waters. The 

watershed survey identified 53 practices around the watershed that will reduce phosphorus loading by 

33.4 kg/year into the Lakes.  

Shoreline phosphorus impact 
A shoreline survey was not a part of the watershed planning process. Conducting a shoreline survey is 

recommended in the future to further understand the impact shoreline properties have on the water 

quality of Squam Lake and Little Squam Lake. Using EPA Region 5 model, we can estimate the reduction 

in phosphorus loading from implementing BMPs along the shoreline (Table 4).  We estimated there are 

35 shoreline properties on Squam Lake and 20 on Little Squam that are high impact, requiring larger 

projects to reduce phosphorus loading. We estimated there are 124 properties on Squam Lake and 56 

on Little Squam that are medium impact properties, needing much smaller projects, such as a rain 

garden or infiltration steps, that can be completed at the homeowner level. 

Table 4: Shoreline property total phosphorus reductions. Based on Region 5 model bank stabilization estimate for silt loams, 
using 100 ft (length) by 5 ft (height) and moderate lateral recession rate of 0.2 ft/yr and assuming a 50% BMP efficiency for high 
impact properties and using 50 ft (length) by 3 ft (height) and moderate lateral recession rate of 0.1 ft/yr and assuming a 50% 
BMP efficiency for medium impact properties. 

 

High Impact properties (0.9538 
kg/yr TP reduction per property) 

Medium impact properties (0.144 
kg/yr TP reduction per property) 

 

Number 
of 
shoreline 
properties 

% of 
shoreline 
properties 

TP 
reduction 
(kg/yr) 

Number 
of 
shoreline 
properties 

% of 
shoreline 
properties 

TP 
reduction 
(kg/yr) 

Squam Lake 35 10% 33.38 124 35% 17.856 

Little Squam Lake 20 11% 19.08 56 30% 8.064 

Total 55 10% 52.5 180 33% 25.9 

 

Septic system impact 
A septic survey was conducted for the Squam Watershed in 1999-2000. This study was determined to be 

too old to use to understand current septic system impact in the Squam Watershed. It is recommended 

to conduct a septic system survey in the future to further understand septic influence on water quality. 

We can still estimate the impact of upgrading septic systems in the watershed without a septic survey 

based on default values used in the LLRM for converting year-round or seasonal old systems to new 

systems (Table 5). Upgrading septic systems changes how much phosphorus is released from the 

system. With newer, upgraded septic systems the phosphorus attenuation factor decreases from 0.2 to 

0.1. 
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Table 5: Total phosphorus loading reductions from septic system improvements. 

 Year-round septic system upgrades Seasonal septic system upgrades 

 

Number of 
shoreline 
properties 

TP reduction 
(kg/yr) 

Number of 
shoreline 
properties 

TP reduction 
(kg/yr) 

Squam Lake 10 0.73 10 0.18 

Little Squam Lake 5 0.365 5 0.09 

Total 15 1.1 15 0.3 

 

Table 6: BMPs sites and associated TP loading reductions and estimated costs. 

 

Number of shoreline 
sites TP reduction (kg/yr) Estimated cost 

Watershed survey 
sites 53 33.4 $1,690,0001 

High impact 
shoreline sites 55 52.5 To be determined 

Medium impact 
shoreline sites 180 25.9 To be determined 

Septic System 
Upgraded 30 1.4 To be determined 

 

Non-structural practices (ordinance revisions) 
The most effective approach to reducing phosphorus loading from anticipated new development will be 

to complete a thorough review of existing ordinances and regulations that govern land development in 

the watershed and make necessary updates or additions to those ordinances to better protect water 

quality. Zoning ordinance changes are not reflected in the load reduction calculation. 

Land conservation 
Land conservation is an effective method of protecting water quality. Currently 26% of the watershed is 

protected, primarily by conservation easements. Local (Squam Lakes Conservation Society) and regional 

(Lakes Region Conservation Trust, Society for the Protection of New Hampshire Forest) are actively 

adding to the roster of conserved land within the Squam Watershed, with a goal of ultimately protecting 

one-third of the watershed. Future land conservation was not reflected in the load reduction 

calculation. 

                                                           
1 From watershed survey BMP Matrix and memo. 
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Finalizing the Water Quality Goal and Necessary Reductions 
The water quality advisory committee was tasked with determining the goal for the Squam Lakes 

Watershed Plan. The goal was finalized by the committee on September 25, 2019. It was noted that the 

load reductions are based on a number of assumptions, including assumptions from the buildout 

analysis and the modeling process. As part of the plan, the committee recommends further study to 

understand the impacts of shoreline development, septic systems, and waterfowl inputs to the lake. The 

committee also acknowledged the value of tributary monitoring in the future. 

Taking the buildout analsyis, water quality analysis, and the Lake Loading Response Model results into 

considering, the committee has set the following goal for the Squam Lakes Watershed Plan:  

The goal of the Squam Lakes Watershed Plan is to maintain current in-lake median total phosphorus 

concentrations (6.5 ppb in Squam Lake and 6.4 ppb in Little Squam Lake). Based upon development 

growth projections, this means reducing phosphorus pollutant loading to Squam and Little Squam Lake 

by 113.2 kg/year over the next ten years. 

The committee has also agreed upon interim goals/benchmarks to track progress in meeting the water 

quality goal over the next 10 years (Table 7). These benchmarks also provide for water quality 

monitoring to check success in the in-lake total phosphorus concentrations and allow for reassessing 

objectives and adapt the interim goals as necessary. 

Table 7: Proposed timeline for TP loading reduction. 

 Interim Goals/Benchmarks 

 2022 2025 2030 

Goal: Maintain current in-lake median total phosphorus concentrations (6.5 ppb in Squam Lake and 6.4 
ppb in Little Squam Lake) reducing pollutant loading to Squam and Little Squam Lake by 113.2 kg/year. 

 Prevent or offset 15 
kg/year in TP loading 
from new 
development; re-
evaluate water quality 
and track progress. 

Prevent or offset 52 
kg/year in TP loading 
from new 
development; re-
evaluate water quality 
and track progress. 

Prevent or offset 113.2 
kg/year in TP loading 
from new 
development; re-
evaluate water quality 
and track progress. 

 


