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INTRODUCTION 

NATIONAL PROGRAM 

The National Estuarine Research Reserve (NERR) system was established by the Coastal Zone 

Management Act of 1972 and is a partnership between the National Oceanic and Atmospheric 

Administration (NOAA) and a coastal state partner in each location.  The Kachemak Bay Research 

Reserve (KBRR) is part of a 27 reserve network encompassing different bio-geographical regions 

across the coastal United Sates (Figure 1). The Kachemak Bay Research Reserve, a partnership 

between NOAA and the Alaska Department of Fish and Game, is the largest of the 27 reserves and 

encompasses approximately 1,501 km² (371,150 acres), or one quarter of the total 5,260 km² (1.3 

million acres) nationwide that are dedicated to conducting long-term research, education, and 

interpretation. 

 

Research is an integral part of the Reserve System as it enables individual reserves to address 

specific coastal management needs, and helps guide national, regional, and local research efforts 

that promote the protection and conservation of estuarine habitats. A cornerstone of the research 

being conducted across reserves is the System-wide Monitoring Program (SWMP, pronounced 

"swamp"), which provides researchers, resource managers, educators, and other coastal decision 

makers with standardized, quantitative measures to determine how reserve conditions are 

changing in both the short term and over longer periods of time. 

 

SWMP History 

The first reserve was designated in 1974, at South Slough, Oregon.  In 1979, the Old Woman Creek 

Reserve, in Ohio, hired the first research coordinator, who immediately advocated the value of long-

term, baseline monitoring and the need to hire a research coordinator at each reserve.  System 

expansion over the next decade was hindered by a lack of funding and resources so that by 1990 

only four reserves had research coordinators. Shortly after, the national research program started 

to mature and grow more rapidly. 

 

In February 1994, a workshop was held dedicated to the design of a national monitoring program. 

By the end of the workshop the reserves had formulated the framework for a long-term monitoring 

program, comprised of three primary components that focus on: (1) abiotic indicators of water 

quality and weather; (2) biological monitoring; and (3) watershed, habitat, and land use mapping.  

The agreed upon goal for the reserve’s monitoring was established: 

 

Identify and track short-term variability and long-term changes in the integrity 

(including biodiversity) of representative estuarine ecosystems and coastal 

watersheds, for the purpose of contributing to effective national, regional and 

site-specific coastal zone management. 

 

The System-wide Monitoring Program (component one) became fully operational in 1995.  By 

1996, every reserve in the system deployed two automated water quality instruments (YSI 6000 

dataloggers). With water quality as a fundamental building block of SWMP, a more comprehensive 

monitoring plan was emerging which included biological monitoring and habitat change elements. 
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A final working SWMP plan was completed in 2001, with the understanding that SWMP is an 

evolving program. 

 

The program has since been expanded from the initial two sites to: four water quality stations; 4 

nutrient stations, and one weather station per reserve. The reserve system is currently using a near 

real-time data delivery system that includes limited real-time data quality control. The program has 

the future potential to automate many tasks now handled by reserve personnel. The system is also 

working to design standardized biological monitoring components for SWMP. 

 

Currently, there are about 100 reserve data collection stations across the country gathering 

weather data every 15 minutes, sampling water quality indicators every 15 minutes, and sampling 

nutrients on a monthly basis. Several reserves use existing telemetry systems to have real-time data 

at their sites, or to send information directly to the Internet. This long-term data collection effort 

has already facilitated a better understanding of how basic environmental components of estuarine 

habitats fluctuate. In the face of ever increasing pressure on coastal regions such a long-term, wide 

area, consistent monitoring program should prove to be a core element for managing estuaries. 

 

System-wide Monitoring Program Requirements 

Meteorological Data 

Each reserve operates a minimum of one weather station that collects data on air temperature, 

wind speed and direction, relative humidity, barometric pressure, rainfall, and photosynthetically 

active radiation (PAR).  

 

Water Quality Data 

Each reserve has a minimum of four water quality stations which are installed at points that cross 

an environmental gradient.  Basic water quality parameters measured at each station are: water 

temperature, depth, salinity, pH, dissolved oxygen, and turbidity. 

 

Nutrient Data 

As with water quality, each reserve collects water samples at a minimum of four stations on a 

monthly basis to measure the concentration of nutrients (ammonium, nitrate, nitrite, ortho-

phosphate, and chlorophyll-a).  At one additional station within each reserve, nutrient samples are 

collected over a 24-hour period to determine how nutrient concentrations change over a day/night 

cycle, and over tidal cycles.  

 

Data Management 

Monitoring data from each reserve are housed and managed by the Centralized Data Management 

Office (CDMO). The CDMO operates through a grant provided to the University of South Carolina, 

and is housed at the North Inlet-Winyah Bay Reserve in South Carolina. The CDMO also provides 

quality assurance and quality control for the reserve system, and is responsible for maintaining and 

updating the Reserve System's standard operating procedures so that all SWMP data are collected 

in the same way at each reserve. A Data Management Committee, made up of system researchers 
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and representatives from the management, education, and stewardship sectors, provides guidance 

to the CDMO. 

 

KACHEMAK BAY RESEARCH RESERVE’S MONITORING PROGRAM  

General Site Description 

Kachemak Bay (59.55694 ºN 151.59722 ºW) is located approximately 190 km (118.1 mi) 

southwest of Anchorage on the southern tip of the Kenai Peninsula, and drains into the Gulf of 

Alaska by way of Cook Inlet (Figure 2). The Reserve extends from the Fox River Flats at the head of 

the Bay 60 km (37.3 mi) southwest, to a line between Anchor Point and Point Pogibshi at the mouth 

of the Bay where it is 40 km (24.9 mi) wide. Kachemak Bay is a glacially driven temperate fjord with 

hydrographic conditions unique among the NERR system estuaries.  The tidal range of 8.8 m (28.9 

ft), 5.5 m (18.0 ft) average, is among the largest in the world, and salinity ranges from near zero at 

stream mouths to 33.0 PSU at the entrance to the Bay.   

 

The southern shore of the Bay is characterized by the presence of steep mountains and deep fjords. 

Because the tree line elevation at this latitude is only 500 m (1,640.4 ft), the 2,000 m (6,561.7) 

alpine summits resemble those of much larger mountain ranges. The Harding Ice Field, a 

permanent ice cap, remains on the top of the mountain range feeding the several large glaciers that 

flow into the Bay from the south.  The northern shore is characterized by a lower bluff (300 m, 

984.3 ft) with a gently sloping bench below.   

 

The 6 km (3.7 mi) long Homer Spit, a relict glacial moraine, extends into the Bay from the northern 

shoreline and splits Kachemak Bay into inner and outer Bays (figure 3). The bathymetry of the Bay 

is characterized by deep rocky trenches and holes along the southern shore, and a shallow soft 

bottom shelf encompassing the northern shoreline and most of the inner Bay. The Bay has an 

average depth of 41 m (134.5 ft), and a maximum of 169 m (554.5 ft). Fresh water introduced 

primarily by the fifteen glaciers on the southern shore along with the Fox River and Sheep Creek at 

the head of the Bay help to set up a counterclockwise circulation pattern (Figure 2).  

 

System-wide Monitoring Program 

The Kachemak Bay Research Reserve monitoring program began in July of 2001 with the 

deployment of automated dataloggers from the ferry docks in Homer and Seldovia.  Since this time, 

the Reserve has added two additional water quality monitoring stations, three meteorological 

monitoring stations, and five nutrient monitoring stations (Figures 3 & 4). The goal of this 

monitoring program is to identify and track short-term variability and long-term changes in the in 

the ecosystem for the purpose of contributing to effective national, regional, and site-specific 

coastal zone management. We aim to achieve this goal through three primary objectives: 1) collect 

information that improves our understanding of circulation patterns in Kachemak Bay and Lower 

Cook Inlet, 2) provide resource managers and the public with accurate real time water quality and 

meteorological information to make better informed decisions, and 3) continue to monitor 

atmospheric, water quality, and nutrient parameters and track how these variables may be 

changing with a shifting climate.    
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The Kachemak Bay Research Reserve operates two permanent meteorological stations: one atop 

the Land’s End Resort on the Homer Spit (Figure 5), and one in Anchor Point (Figure 6).  There is 

one additional meteorological station atop the Islands and Oceans Visitor Center building in Homer 

that is only partially operational and is used for testing instruments (Figure 7). The Reserve 

maintains two permanent water quality stations in Kachemak Bay: one at the tip of the Homer Spit 

(Figure 8), and one in Seldovia Bay (Figure 9). At each water quality station, two data loggers are 

deployed: one 1 m below the surface, and one 1 m above the bottom. The Reserve historically 

deployed dataloggers in five other locations throughout Kachemak Bay: Aurora Rock (formerly 

misnamed as ‘Bear Cove’ the site is actually off of Aurora Rock); Halibut Cove; Port Graham; Cohen 

Island; and Munson Point (Figure 3). For the last two years, the Reserve has also seasonally 

deployed a datalogger in the Nick Dudiak fishing lagoon to monitor water quality parameters for 

salmon stocking efforts. Monthly nutrient grab samples are collected at the same locations as the 

water quality sites, with 12 additional nutrient samples being collected inside the Homer Harbor 

over an entire tidal cycle (Figure 3 & 10). The reserve has also been monitoring temperature 

information in four sub-bays on the south side of Kachemak Bay (Bear Cove, Halibut Cove, Peterson 

Bay, and Jakolof Bay) using TidBit temperature loggers.    

 

Meteorological Data  

Kachemak Bay is a glacially influenced estuarine fjord with mountains on the southern side and a 

large bluff on the northern side. Differences in wind speed and direction between the 

meteorological station at the Homer airport, and winds experienced in the middle of the Bay and on 

the Homer Spit have been noted. By placing one meteorological station at the end of the Homer Spit, 

which extends to the center of the Bay, the original intent was to be able to provide a measure of 

the wind stress or curl on the sea surface.   

 

The regions around Anchor Point have long been a data gap for weather forecasters, and often 

represent a transition point between the Kenai/Soldotna inland weather and the Homer maritime 

weather. By placing an additional meteorological station in Anchor Point, the Reserve aims to 

improve weather forecasting capabilities on the southern Kenai Peninsula, as well as provide more 

accurate information to mariners when making decisions about traveling in lower Cook Inlet.  

 

The objectives of the meteorological program are to: 1) develop a better understanding of the 

topographic effects on meteorological variables in this region; 2) help improve forecasting 

capabilities on the southern Kenai Peninsula; 3) improve the quantity and quality of information 

available to mariners when making decisions about traveling on Kachemak Bay and lower Cook 

Inlet; and 4) detect long-term trends and variability in the local climate. 

 

Water Quality Data 

The circulation in Kachemak Bay is driven primarily by the 8-meter tidal flux. Regional circulation 

is dominated by the cyclonic Alaska Coastal Current which flows along the continental shelf around 

the tip of the Kenai Peninsula and up to the north into Cook Inlet. The Alaska Coastal Current is 

believed to be nutrient depleted and may seasonally enter into the outer Bay.  Most of the water 

flowing into the outer bay then collides with estuarine water flowing out of the inner Bay, both of 
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which then travel north into Cook Inlet (Figure 2). Some of the Alaska Coastal Current water may 

seasonally make its way into the inner Bay where it continues through the Bay in a cyclonic 

direction eventually exiting along the north shore (Figure 2). These trapped coastal flows separate 

the Bay into two distinct ecosystems, and the instruments are positioned to reflect this distinction.  

Within each system there is vertical stratification of the water.  The vertical placement of the 

sondes is designed to help elucidate the differences in circulation of the surface and deep waters.  

  

As the inflowing water proceeds up the Bay, fresh water runoff from the surrounding ice fields and 

watersheds dilute the salinity and increase the sediment load in the path of the Homer instruments.  

The in-flowing water, in the path of the Seldovia instruments, indicates the presence of a marine 

system, while the northern out-flowing water of the Homer instruments is more estuarine.  The 

Kachemak Bay water quality instruments capture this difference with deployments along the north 

and south shores.  These data will be used to supplement studies on primary productivity, larval 

distribution, settlement, recruitment, growth rates, community dynamics, and biodiversity in the 

Bay. 

 

The objectives of the water quality monitoring program are to: 1) improve our understanding of the 

circulation patterns in Kachemak Bay; 2) determine if and when Kachemak Bay is connected to the 

Alaska Coastal Current; 3) examine freshwater inputs into the Bay and how they change over 

season and time; 4) provide mariculture growers with almost real-time temperature information to 

help protect against pathogens such as Vibrio parahaemolyticus; and 5) examine the short term 

variability and track long term trends in water quality parameters.   

 

Nutrient Data 

Monthly grab samples are collected to quantify the vertical and horizontal spatial variability of 

important nutrients in the water column at sites representing the marine and estuarine endpoints 

of the local salinity gradient. Once per month, diel samples are collected on a 2-hour interval 

through a 24-hour tidal cycle to quantify the temporal variability of important nutrients in the 

water column as a function of tidal forcing. 

 

The objectives of the nutrient monitoring program are to: 1) improve our understanding of the 

planktonic food web and the main driving forces behind the biochemical fluxes in Kachemak Bay, 2) 

examine the timing of the spring plankton bloom and subsequent nutrient draw down and how 

these events vary over season, 3) examine diel patterns in nutrient availability, and 4) detect long 

term trends in the variability of chlorophyll and nutrient parameters as they pertain to a changing 

climate.   

 

SITE DESCRIPTIONS & METHODS 

Meteorological Data Collection 

One meteorological station is mounted on top of the Land’s End Resort (59.600930° N, 

151.409504° W) (Figure 5), approximately 150-meters southwest of the Homer water quality 

monitoring location.   The station is located at the northeast corner of the three-story Land’s End 

Resort and is approximately 12 m above the ground and 19 m above the mean low water.  The 
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sensors are mounted at various heights on a 5-meter tower.  The tower is mounted on a white 

colored base that sits on a flat, tar-covered roof.  The anemometer is mounted at the top of the 

tower 5 m above the base, the two light sensors are on a south-facing arm 4 m above the base, and 

the temperature and relative humidity sensors are 3 m off the base and the barometric pressure 

sensor is resides inside the enclosure 2 m above the roof. The rain gauge is deployed adjacent to the 

tower and is 1 m above the roof. The placement of the tower is not optimal for meteorological 

measurements and is located adjacent to kitchen exhaust fans, but was determined to be the best 

location to answer the research questions and provide a representative measurement of the wind 

field near the Homer harbor.  

 

The second meteorological station is located in a large grassy field (59.770260° N, 151.867560° W) 

adjacent to the ocean in the Halibut Campground, Anchor Point (Figure 6). This station is located on 

the westernmost point of land on the Kenai Peninsula overlooking Cook Inlet. The instrumentation 

is deployed on a 10 m (30 ft) tower that sits on the ground approximately 5 m above the mean low 

water. The anemometer is mounted at the top of the tower 10 m above the ground, the two light 

(one quantum, one pyranometer) sensors are on a south-facing arm 8 m above the ground, the 

temperature and relative humidity sensors are 3 m off the ground, and the barometric pressure 

sensor is located inside the enclosure 2 m above the ground.  The rain gauge is deployed on a pole 

adjacent to the station and sits 1 m above the ground.  

 

Data from these two stations are collected using Campbell Scientifics CR1000 dataloggers. Data are 

collected at 5 second intervals and then averaged to produce 15 min summaries of air temperature, 

relative humidity, barometric pressure, wind speed, wind direction, rainfall, PAR, and total solar 

radiation (Homer only). The raw data are stored by the CR1000 and nl-115 compact flash storage 

modules (Tables 1 & 2).  

 

Both primary meteorological stations are outfitted with Campbell Scientific data telemetry 

equipment and transmit data to the NOAA Geostationary Operational Environmental Satellite 

(GOES) system, (NESDIS ID: Homer 3B00140C, Anchor Point 3B04C75E).  Telemetry equipment 

was installed in Homer on 11/10/05 and then in Anchor Point on 10/09/09. Transmissions are 

scheduled hourly and contain four, fifteen minute data sets. The Homer station is also connected to 

a personal computer via a phone modem and is scheduled to retrieve data on an hourly basis.  

 

The third and partial meteorological station, intended for sensor testing, is located on the roof of 

the four story Islands and Ocean Visitor Center building (59.641130° N, 151.540012° W) and is 

approximately 15 m above the ground and 35 m above the mean low water (Figure 7). The 

instrumentation is connected to a 3 m tower, mounted to a plywood base, which sits on a flat black 

plastic roof.  The anemometer is mounted at the top of the tower 3 m above the roof, the 

temperature and relative humidity sensors are 2 m above the roof, with the barometric pressure 

sensor located inside the enclosure 2 m above the roof.  

 

This third station operates on an older Campbell Scientific CR10X datalogger platform. Data are also 

collected at 5 second intervals and then averaged to produce 15 min summaries of air temperature, 
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relative humidity, barometric pressure, wind speed, and wind direction. Raw data are stored by the 

CR10X (Tables 1&2).   

 

Meteorological stations are serviced monthly where data are downloaded and error checked 

against a Kestrel 4500 hand-held meteorological sensor, desiccant is replaced inside the enclosures, 

and all instruments are cleaned and inspected for proper operation. Calibration schedules the 

meteorological sensors are as follows: temperature and RH, every year; quantum sensor, every 2 

years; barometric pressure, every 2 years Wind speed and direction, every 2 years; precipitation, 

every year. 

 

Water Quality Data Collection 

The Homer water quality station is located on the north side of Kachemak Bay at the end of the 

Homer Spit (59.602006° N, 151.408781° W) and is affixed to the southeast side of the Alaska state 

ferry dock (Figure 8).  The “deep” sonde is deployed 1 m from the bottom and the water fluctuates 

between 7.4 and 16.3 meters above the sonde with the tide.  The “surface” data sonde resides at a 

depth of 1 m below the surface.  The bottom habitat is predominantly sand.  Pollutants in the area 

are from the excessive boat traffic at the entrance of the Homer harbor, and a nearby fish waste 

outfall line.   

 

The Seldovia water quality station is located on the south side of Kachemak Bay (59.440985°N 

151.720958°W), and is affixed to the northwest side of the Alaska state ferry dock (Figure 9), 

approximately 25 kilometers southwest of the Homer site.  As with the Homer site, instrumentation 

is deployed 1 m below the surface, and one 1 m above the bottom, in water fluctuating between 3.4 

and 13.0 m.  The bottom habitat is predominantly sand and cobble.  Pollutants in the area are 

minimal.   

 

Both deep water quality stations are fixed, housed in ABS pipe mounted vertically on the ferry 

docks of Homer and Seldovia.  The pipes are positioned to ensure that the sensors are 

approximately 1 m above the bottom of the ocean floor (actual depth changes with respect to the 

tides).  The surface sondes in Homer and Seldovia are mobile, attached to a buoy and a stainless 

steel guard that slides vertically on a cable to ensure that the sonde remains 1 m below the surface 

as the tide is changing. YSI 6000 series data sondes are outfitted with temperature/conductivity 

(Salinity) dissolved oxygen, pressure (depth), pH, and Turbidity probes (Table 3).    

 

Calibration, retrieval, and deployment are performed monthly using methods outlined in the YSI 

Operations Manual.  After cleaning the data loggers, the dissolved oxygen (DO) membrane (rapid 

pulse probes only) is replaced and allowed to burn in for at least 10 minutes before the DO sensor 

is calibrated.  The following sensors are calibrated using standards purchased from YSI:  pH (7 and 

10), conductivity (50 mS/cm), and turbidity (126 NTU).  Atmospheric pressure is accounted for 

when calibrating depth to zero.  

 

A Sutron Sat-Link2 transmitter was installed at the Homer Deep (NESDIS ID # 3B00077A) station 

on 12/13/05 and at the Seldovia Deep (NESDIS ID # 3B040240) site on 07/31/2007. These 
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transmitters send data to the NOAA GOES satellite array.  The transmissions are scheduled hourly 

and contain four data sets reflecting fifteen minute data sampling intervals.   

 

Nutrient Data Collection 

Monthly grab samples are collected at two depths (near-surface and near-bottom) at the Homer 

and Seldovia data sonde stations (Figure 8 & 9).  Unless delayed by weather, all grab samples from 

both stations are taken within a 24-hour period.  To clearly delineate the stratification of the water 

column, samples are collected near high tide. At each station, three replicate (N=3) samples are 

collected using a triggered vertical Niskin bottle at a depth of one m from the surface.  Three 

replicates are also collected one m from the bottom.  All samples are transferred to wide-mouth 

Nalgene sample bottles that were previously acid washed (10% HCL), rinsed (3x) with distilled-

deionized water, and dried. Prior to collection sample bottles are rinsed (3x) with sample water.  

Samples are immediately shielded from light and returned to the laboratory.  Once in the 

laboratory, samples are shaken and processed for nutrient and chlorophyll-a analysis (Table 4).   

 

The diel nutrient sampling site is located in the Homer harbor on the Petro Marine fuel dock.  The 

site is located at 59.603420º N, 151.417258º W, and has 4 m of water at low tide.  Placing the 

sampling site inside the harbor protects the equipment from winter storms and boat traffic that are 

often present at the grab site. It is also critical that the sampling site be placed on a floating 

platform. The bottom habitat at this site is rocky.  Because the site is on a fuel dock, there is the 

possibility of hydrocarbon pollutants in the water.  The tidal range, salinity range, and freshwater 

input are the same as at the Homer grab site.  An ISCO water sampler is deployed within the same 

24 hr period as the grab samples are taken.  This device automatically samples 850 ml of water 

every 2hrs 4min.  All samples are pumped into polyethylene sample bottles that were previously 

acid washed (10% HCL), rinsed (3x) with distilled-deionized water and dried.  The 12 samples are 

kept in the dark and at the end of the 24hr period are returned to the laboratory for immediate 

processing. 

 

All of the nutrient water samples are processed for micronutrients and chlorophyll (Table 4). Over 

the history of the Kachemak Bay Monitoring Program, three different laboratories have been used 

with slightly different methods.  However, preservation techniques and the general procedures 

used to extract nutrient and chlorophyll information have remained consistent (Table 4 & 5).   

 

Data Management 

Meteorological data are uploaded from the CR1000 data logger to a Personal Computer (IBM 

compatible).  Files are exported from LoggerNet in a comma-delimited format and uploaded to the 

CDMO where they undergo automated primary QAQC and become part of the CDMO’s online 

provisional database.   

 

Water quality data are uploaded from the YSI data loggers to a Personal Computer (IBM 

compatible).  Files are exported from EcoWatch in a comma-delimited format (.CDF) and uploaded 

to the CDMO where they also undergo automated primary QAQC and become part of the CDMO’s 

online provisional database.   
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Meteorological and water quality data go through a primary QAQC process where data are flagged if 

they are missing or out of sensor range.  The edited file is then returned to the Reserve where it is 

opened in Microsoft Excel and processed using the CDMO’s NERRQAQC Excel macro.  The macro 

inserts station codes, creates metadata worksheets for flagged data and summary statistics, and 

graphs the data for review.  It allows the user to apply QAQC flags and codes to the data, append 

files, and export the resulting data file to the CDMO for tertiary QAQC and assimilation into the 

CDMO’s authoritative online database. Provisional and authoritative data are available at 

http://cdmo.baruch.sc.edu. 

 

Nutrient samples are sent to the Virginia Institute of Marine Science (VIMS) Laboratory where they 

calculate and report results using Excel spreadsheets. The data are then transferred to a combined 

nutrient data sheet covering the year. Data are checked to ensure that values are above the 

minimum detectable level “MDL” (Table 4). Nutrient data are then processed using the Nutrient 

QAQC Excel macro.  The Nutrient QAQC macro sets up the data worksheet, metadata worksheets, 

and MDL worksheet; facilitates data entry; allows the user to set the number of significant figures to 

be reported for each parameter and rounds using banker’s rounding rules; allows the user to input 

MDL values and automatically flags and codes values below MDL; calculates parameters chosen by 

the user and automatically flags for component values below MDL and negative values; allows the 

user to apply QAQC flags and codes to the data; graphs selected parameters for review; append 

files; and export the resulting data files to the CDMO for tertiary QAQC and assimilation into the 

CDMO’s authoritative online database. 

 

RESULTS 

The Kachemak Bay Research Reserve monitoring program began in early 2001 and has continued 

to collect data and expand the program over the years. Since inception, over 8 million data points 

have been logged from 18 different stations (Figure 4).  

 

Meteorological Data 

For the purposes of this report only the Homer Lands End meteorological station was examined. 

The other two stations have not gone through quality assurance and at this time were not reported 

on.   

 

The Homer Land’s End meteorological station has been collecting data since March of 2003 (Figure 

4). During this time over 250,000 fifteen minute data summaries have been collected for 

temperature, relative humidity, barometric pressure, wind speed, wind direction, max wind speed, 

PAR, and precipitation. From 06/01/2003 – 12/31/2009, temperatures ranged from -16.2 to 23.6 

°C with an overall mean of 5.2 °C (Table 6, Figure 11). Relative humidity ranged from 22 to 101 % 

and averaged 76% over the seven years (Table 6, Figure 11). Barometric pressure fluctuated 

between 956 and 1043 milibars with a mean of 1006 mb (Table 6, Figure 11). Average wind speed 

over the 15 minute intervals ranged from 0 to 20.8 m/s and averaged 4.4 m/s (Table 6, Figure 11).   

Wind direction ranged between 0 and 360 degrees with a histogram of wind direction peaking at 

44° and 246° (Table 6, Figure 12). Maximum wind speed averaged 6.3 m/s and varied between 0 

http://cdmo.baruch.sc.edu/
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and 29.4 m/s (Table 6, Figure 11). Photosynthetically active radiation ranged between -1 and 1821 

mmole/m² and averaged 110 mmole/m² (Table 6, Figure 11). Precipitation ranged from 0 to 41.9 

mm/15 minutes and averaged 0.01 mm/15 minutes (Table 6). 

 

Water Quality Data 

For the purposes of this report only data collected between 1/1/2007 and 12/31/2009 were 

examined. Data previous to this have not gone through the same quality assurance process as the 

more recent data and therefore were not reported on. 

 

The Homer and Seldovia deep water quality stations have been collecting data since mid 2001 with 

the surface stations coming online in late 2003 and early 2004 (Figure 4). Together these stations 

have collected over 300,000 fifteen minute data summaries of temperature, salinity, specific 

conductivity, dissolved oxygen, depth, pH, and turbidity. Water temperature ranged between -2.3 

and 14.9 °C with an overall average of 6.5 °C (Table 7, Figure 13). Salinity ranged between 15.2 and 

33.3 ppt with and overall mean of 30.3 ppt (Table 7, Figure 13). Specific conductivity averaged 

47.37 mS/cm and ranged between 24.95 and 51.95 mS/cm (Table 7). Dissolved oxygen saturation 

ranged between 55.4 and 157.8 % with a mean of 103.1% (Table 7, Figure 13). Depth ranged from -

0.33 to 16.27 m and averaged 5.43 m across all stations (Table 7, Figure 13). Differences in pH 

ranged from 7.1 to 8.8 pH with an average pH across all sites of 8.1 pH (Table 7, Figure 13). 

Turbidity ranged from -4 to 714 NTU across all stations and had an average of 3 NTU (Table 7, 

Figure 13).  

 

Nutrient Data 

Nutrient sampling began in February of 2002 (Figure 4). Since then over 500 monthly nutrient 

grabs have been collected for Nitrite, Nitrate, Nitrite + Nitrate, Ammonium, Orthophosphate, and 

Chlorophyll-a. Over all four stations Nitrite remained quite low ranging from 0.0001 to 0.0111 mg/l 

with an average value of .0024 mg/l (Table 8, Figures 14 & 15).   Nitrate concentrations ranged 

from 0.0003 to 0.5520 mg/l with an average concentration of 0.1366 mg/l (Table 8, Figures 14 & 

15). Nitrite + Nitrate concentrations averaged 0.1363 mg/l with a range of 0.0021 to 0.5550 mg/l 

(Table 8, Figures 14 & 15). Ammonium concentrations had a mean of 0.0194 mg/l, ranging from 

0.0010 to 0.6850 mg/l.  Orthophosphate concentrations from the four stations ranged from 0.0008 

to 0.1410 mg/l with an overall average of 0.0207 mg/l (Table 8, Figures 14 & 15). Chlorophyll-a 

concentrations averaged 1.69 µg/l and ranged between 0.02 and 13.59 µg/l (Table 8, Figures 14 & 

15). 

 

DISCUSSION 

Meteorological Data 

Some of the primary objectives of the Meteorological monitoring program were to better 

understand the effects of topography on the various meteorological variables, to improve 

forecasting capabilities in this region, to provide mariners with more meteorological information, 

and to detect long term trends in the local climate. To date, the meteorological program has 

addressed many of these objectives and continues to collect information bettering our 

understanding of the local meteorology and the forces that influence it.  
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When averaged by month, temperature is strongly influenced by season showing a uni-modal 

distribution with the highest temperatures being encountered in July and August and the lowest 

average temperatures encountered in January. This is not surprising given increased solar radiation 

and conductive heating during summer months.   

 

Average relative humidity also appears to be influenced by seasonality but only showing a ten point 

increase with values peaking in August.   

 

Barometric pressure also varies seasonally with higher values being recorded during the summer 

months. The strong drops in barometric pressure observed in the late fall and early spring are 

associated with the more severe storms experienced in this area.  

 

Average wind speed also varies seasonally with higher values during the winter months. Large 

winter storms are often accompanied by high winds and are likely responsible for this. Wind speed 

values during the summer months are likely influenced by adiabatic heating of the uplands which 

draws cool air in from the ocean frequently creating a shore or day breeze.  

 

When examining the wind direction data, little is revealed by monthly averages however when 

looking at a radial histogram, it is apparent that the topography of the Bay funnels the wind through 

the northeast to southwest axis of the Bay. This trend is also likely seasonal with winds being 

driven by the day breeze in summer months predominating from the southwest and having a more 

northeasterly orientation in the winter months. This was expected, however, prior to the 

deployment of the Homer Land’s End meteorological station, direction analysis was difficult.  

 

Photosynthetically Active Radiation (PAR) data exhibits a similar seasonal trend to many of the 

other meteorological parameters with the highest values being experienced in the summer months 

and lowest in the winter. This is due to the amount of available solar radiation penetrating to the 

Earth’s surface, peaking on summer solstice.  

 

When examining all of the monthly averages on one plot (Figure 16), it is clear that the meteorology 

of this region is strongly driven by season. There are many other smaller scale variations in these 

data that we look forward to examining. This information continues to be made available to local 

residents and mariners and will continue to supplement other research being conducted in this 

area.  

 

Water Quality Data 

The deployment locations of the water quality monitoring stations were intended to capture the 

gradient of conditions exhibited throughout the reserve and to supplement studies on primary 

productivity, larval ecology, growth rates, community dynamics, and biodiversity in this region. The 

two station groupings on the north and south side of the Bay appear to capture a wide range of 

conditions with the north side (Homer) being more estuarine and turbid and the south side stations 
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(Seldovia) being less stratified across all parameters. This information has been used in a number 

of ecological and oceanographical studies and will continue to be collected in to the future.  

 

When examining average monthly water temperatures we see a uni-modal distribution much like 

we see in air temperature, however water temperatures lag behind the air temperatures and peak 

sometime between late July and the end of September.  When looking at the differences among 

stations, it is apparent that the Homer stations are more stratified than the Seldovia stations, 

however, all have similar temperature averages during September and October. It is believed that 

this may be the result of a large influx of marine water penetrating into the Bay and producing a 

well mixed water column with similar densities and temperatures. One of the possible reasons for 

the seemingly greater stratification in the Homer stations may be due to the differences in depth. 

The Seldovia stations have approximately 7.5 m of water between the two data sondes, while the 

Homer stations have an average of 11.5 m of water between stations. It is possible that this 

difference in depth is responsible for much of the stratification in other parameters as well. 

 

Average monthly salinities, when examined across sites, show a similar trend of higher values in 

the winter months and then decreasing in the spring and summer to rebound in the late fall. This 

seasonal pattern can easily be explained by the contributions of snow melt in the spring and glacial 

runoff in the summer months. As fall approaches and temperatures drop, these freshwater 

contributions are locked up by freezing conditions. Without the continuous contribution of 

freshwater the halocline disappears and the surface waters in the Bay become well mixed.  

 

Dissolved oxygen concentrations remain relatively high in the Bay year round. When examining 

monthly averages, all sites show an increase during the summer months likely due to sharp 

increases in primary productivity. Both Homer and Seldovia stations exhibit higher DO 

concentrations in the surface waters than in the deep. This is likely due to the majority of the 

primary productivity taking place in the surface waters, elevating the DO concentrations slightly 

higher at these stations. Both Seldovia stations have higher DO concentrations than their 

component Homer stations which is not surprising given higher chlorophyll-a concentrations in 

Seldovia. Dissolved oxygen declines across all stations in the fall much like many of the other 

parameters examined, again suggesting some kind of mixing or marine water influx into the Bay.  

 

When initially examining plots of depth across sites the information provided seems fairly 

insignificant, however there are a few important points that this information provides 1) both 

surface stations are sampling at the same approximate depth, 2) the deep stations are sampling at 

an average of at least 8 m below the surface stations and 3) the deep stations are not situated in the 

same relative tidal height. Although both deep stations are moored one meter above the substrate, 

the Homer station is on average 4 m deeper than the Seldovia station. The simple depth differences 

in these two stations may be responsible for some of the greater differences we see in the Homer 

sites when comparing surface and deep plots. Although monthly averages give us a nice profile of 

the average depth stations are sampling, they completely mask tidal signatures, allowing for little 

analysis to be performed at this timescale. We did not look at differences among parameters with 

respect to tidal signatures at this time.  
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After averaging pH by month for the four water quality stations, a slight seasonal pattern becomes 

evident with slightly elevated values during the summer months. This slight elevation, however, is 

relatively small in magnitude only representing 0.2 pH units. Although we did not examine it 

specifically at this time, pH does show a fairly obvious tidal signature, with increased values at low 

tide. Often these values can range as much as 0.2 pH units from low to high tide and is more 

predominant the larger the tide.  

 

When examining average monthly plots of turbidity, the Homer stations appear to have slightly 

higher values for most of the year with the Homer surface station showing a strong peak around 

August. Given the large volumes of glacial sediment being transported past these stations by the 

cyclonic circulation of the Bay, these results are to be expected. The increased turbidity values 

found at the Homer surface station are likely a result of glacial sediment being associated with the 

freshwater input.   

 

When examining these three years worth of data collected through the water quality program it is 

apparent that this program is capturing the diversity of marine and estuarine conditions that are 

present throughout the Reserve. These data represent a good baseline of the conditions present 

throughout the Reserve over seasonal cycles but will be better served once the entire data set can 

be incorporated into this summary. This information will serve as a good indicator of change and 

already represents some of the natural variability present within this system. 

 

Nutrient Data 

The goal of the nutrient sampling program is to quantify the variability of the nutrient stratification 

in the water column at sites representing the marine and estuarine endpoints of the local salinity 

gradient within Kachemak Bay.  This information will help us to better understand primary 

productivity and the forces driving it in this region. 

 

 

 

When looking at monthly averages of Nitrate (NO3) we see all stations showing a strong draw 

down in the summer months and then rebounding in the winter months. This is the result of 

primary productivity by phytoplankton. Beginning in April when water temperatures start to warm 

and light availability increases, phytoplankton begins to bloom, drawing down nutrients such as 

Nitrate in the nearshore waters. We see a slight rebound of these nutrients in July likely due to 

zooplankton predation on the phytoplankton, but then in August a slight decline in Nitrate again 

possibly suggesting a second phytoplankton bloom.  

 

When examining the Nitrite + Nitrate (NO23) concentrations we see an almost identical 

representation as we do in Nitrate, suggesting that Nitrite is a very minor component in this system. 

Since the primary source of NO2 is anthropogenic and there is little agriculture in this area, low 

values are to be expected. Averages of Nitrite (NO2) across all stations show a cyclical increase 

throughout the year but values remain at or below detection limit for most of the year. This, with 



14 
 

the fact that Nitrite was encountered in extremely low values when compared to the other 

nutrients, and that it does not appear to be linked to productivity in this system and is therefore not 

limiting, gives us the confidence to remove this as a calculated parameter. Instead we will just 

calculate Nitrate in the future as it does seem to be a limiting nutrient and a good indicator of 

productivity. 

 

When examining monthly averages of Ammonia we see that values remain relatively low during the 

winter months and then become elevated in the summer. The Seldovia stations show a single sharp 

increase in ammonia during the month of June, whereas the Homer stations show two smaller 

increases, one in April and a larger one in July. Ammonia is a waste byproduct of productivity and 

can be used as an indicator of production.  When examining the Ammonia concentrations we see 

that Seldovia station may have higher productivity, but homer stations may experience two bloom 

cycles over the course of the summer.   

 

Monthly averages of Orthophosphate show a similar trend to those of Nitrate, exhibiting a down 

draw during the summer months and rebounding in the fall into winter. Like Nitrate, Phosphate can 

be a limiting nutrient and the reduced values we see in the summer months are the result of 

primary productivity by phytoplankton. All sites follow a similar trend and show a slight rebound in 

July only to be depleted in August, again possibly suggesting the presence of a second smaller 

phytoplankton bloom.  

 

Chlorophyll-a concentrations across all stations show strong increases in the summer months and 

low values during the winter. The two sampling stations in Homer and Seldovia exhibit different 

distributions across season with Homer appearing to have a bi-modal distribution and Seldovia 

showing only one peak in June/July. This information along with the nutrient information suggests 

that there is one larger phytoplankton bloom on the south side of the Bay near Seldovia and two 

smaller phytoplankton blooms on the north side of the Bay near Homer. It is possible that the larger 

magnitude of the bloom on the south side of the Bay near Seldovia is due to greater nutrient 

availability. It is also possible that the glacial and freshwater runoff in the summer months 

introduces additional nutrients to the system allowing for a secondary phytoplankton bloom in 

Homer.  

 

Nutrient and chlorophyll information is important when trying to understand primary productivity, 

carbon sequestration, water movement, and general marine ecological processes in this region. 

Data collected and analyzed here represents the seasonal variability in conditions as well as the 

spatial variability in nutrient and chlorophyll concentrations both across the salinity gradient of 

this region and with depth. Future collections and data analysis will allow us to examine the 

variability in these trends over time.       

 

FUTURE DIRECTIONS AND CONSIDERATIONS 

The Kachemak Bay Research Reserve’s monitoring program has now been collecting data for 

almost ten years. During this time the Research Reserve has established a strong baseline for the 

natural conditions and the inherent variability in these meteorological and estuarine systems. 
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While continuing to collect this information and trying to further improve the quality of the data 

that is collected, the Research Reserve will broaden the ways in which these data are used and 

outreached. The next step for this monitoring program is to begin to ask questions of the data that 

has been collected and to begin to examine the trends over time. Over the next year the Reserve will 

focus on quality controlling the historic data that has been collected and assimilate this information 

into many of the analyses that have been performed in this report. The Reserve will also further the 

analyses to include both spatial and temporal comparisons of parameters collected between then 

numerous stations. This information will serve as a starting point to launch off on more detailed 

analyses of these data where we hope to examine the circulation patterns in Kachemak Bay, 

compare salinity gradients between stations to get a proxy for freshwater input, make temperature 

and nutrient comparisons to examine plankton bloom timing, make decadal pH comparisons to try 

and examine ocean acidification and other potential impacts a changing climate may have on this 

dynamic system.    

 

As the larger national System-wide Monitoring Program continues to grow and initiate the 

additional second and third components of this program, so will the Kachemak Bay Research 

Reserve, establishing bio-monitoring sites and continuing to find new ways to use the multitude of 

information that has and will continue to be collected.         

 

Next Steps: 

 Meteorological Data 

o QAQC Anchor Point station data & Islands &Ocean Visitor Center data 

o Further QAQC Land’s End data, focusing on PAR and precipitation data that is 

problematic 

o Install Ethernet on Land’s End station to allow real-time display of data on the 

internet 

o Install camera on Land’s End that is accessible over the internet 

o Install VHF transmitter in Anchor Point 

o Examine possibility of a weighted or pressure precipitation gauges to improve data 

quality 
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 Water Quality 

o Explore options and expenses for adding Chl-a probes to surface stations 

o QAQC historic data for ingestion into authoritative database 

o Explore the option of moving Homer surface sonde to a nearby more sheltered 

piling 

 

 Nutrients 

o Remove Nitrite as a minor parameter 

o Reduce sampling to 11 diel samples at Homer Harbor 

o Reanalyze data including 2006-2009 data  

 

CITATIONS 

Burbank, D. 1977. Circulation studies in Kachemak Bay and Lower Cook Inlet, Alaska. Volume III in 

Environmental Studies of Kachemak Bay and Lower Cook Inlet. Trasky, L.L., L.B. Flagg, and D.C. 

Burbank (eds.). Alaska Department of Fish and Game, Anchorage, Alaska. 207 pp. 
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Figure 1.  The Kachemak Bay Research Reserve (Alaska) is part of the National Estuarine Research 
Reserve System, a network of 27 Research Reserves encompassing different bio-geographical 
regions across the coastal United States. 
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Figure 2.  Location of Kachemak Bay Research Reserve (outline) with circulation pattern overlaid 
(Burbank 1977). 
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Figure 3.  Location of meteorological (green triangles) water quality (red stars) nutrient (green 
circles) and historic water quality stations (orange stars) within Kachemak Bay, Alaska. 
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Figure 4.  Kachemak Bay Research Reserve monitoring timeline. 
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Figure 5. Homer meteorological station atop Land’s End Resort building at the end of the Homer 
Spit. 
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Figure 6. Anchor Point meteorological station adjacent to the ocean in the Halibut Campground, 
Anchor Point. 

 

Figure 7.  Meteorological station located atop the Alaska Islands & Ocean Visitor Center building in 
downtown Homer. 
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Figure 8. Homer water quality and nutrient station (“Homer Surface” and “Homer Deep”) located at 
the southeastern end of the Pioneer ferry dock. 
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Figure 9. Seldovia water quality and nutrient station (“Seldovia Surface” and “Seldovia Deep”) 
located at the northwestern end of the Seldovia ferry dock. 
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Figure 10. Homer Diel Nutrient monitoring station located at the Petro Marine dock in the Homer 
Harbor. 
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Figure 11. Monthly averages for (a) air temperature, (b) relative humidity, (c) barometric pressure, 
(d) wind speed, and (e) Photosynthetically Active Radiation “PAR” from data collected between 
6/1/2003 and 12/31/2009 from Homer Land’s End meteorological station. 

  

a. b. 

     c.       d. 

          e. 
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Figure 12. Histogram of wind direction data showing counts of directions for data collected 
between 06/01/2003 and 12/31/2009. 
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Figure 13. Monthly averages for (a) water temperature, (b) salinity, (c) dissolved oxygen 
concentration, (d) depth, (e) pH, and (f) turbidity from data collected between 1/1/2007 and 
12/31/2009 for Homer Deep (solid line), Homer Surface (dotted line), Seldovia Deep (dashed line), 
and Seldovia Surface (dash dot line) water quality stations. 

a. b. 

c. d. 

e. f. 
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Figure 14. Monthly nutrient averages for (a) Nitrite, (b) Nitrate, (c) Nitrite + Nitrate, (d) 
Ammonium, (e) Orthophosphate, and (f) Chlorophyll-a from 02/20/2002 to 12/20/2005 for 
Homer Deep (solid line), Homer Surface (dotted line), Seldovia Deep (dashed line), and Seldovia 
Surface (dash dot line) stations. 

  

a. b. 

c. d. 

e. f. 
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Figure 15. Monthly nutrient averages for Ammonium (solid line) Nitrate (dotted line), Nitrite 
(dashed line), Orthophosphate (dash dot line), and Chlorophyll-a (red line) for (a) Homer Surface, 
(b) Seldovia Surface, (c) Homer Deep, and (d) Seldovia Deep stations. 

a. b. 

c. d. 
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Figure 16. Monthly meteorological averages for air temperature (solid line), wind speed (dotted 
line), barometric pressure (solid line with points), relative humidity (dashed line), and 
Photosynthetically Active Radiation “PAR” (red line) from data collected between 6/1/2003 and 
12/31/2009 from Homer Land’s End meteorological station. 
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Table 1. Meteorological station equipment configuration and parameter detail (“X” denotes 
particular instrumentation).  

 

 

Homer Land’s  
End 

Anchor Point 
Islands & Oceans  
Building Homer 

Datalogger 

CR1000 Datalogger X X 

CR10X Datalogger X 

Data Storage 

CR1000 Datalogger X X 

CR10X Datalogger X 

NL-115 Ethernet/CF storage Module X X 

Telemetry Equipment 

TX-312 GOES Transmitter X X 

COM-210 Phone Modem X 

Instrumentation 

Vaisala HMP45 Temperature & Relative Humidity X X X 

Vaisala CS105 Barometric Pressure X X X 

RM Young 05103 Wind Speed & Direction X X X 

MetOne 380 precipitation gauge X 

Texas Electronics TE525 precipitation X 

LI-COR Li190 Quantum Sensor X X 

LI-COR Li200 Pyranometer X 

Parameters Collected 

Average of 5 sec data over 15 min 

Air Temperature (°C) X X X 

Relative Humidity (%) X X X 

Barometric Pressure (mb) X X X 

Wind Speed (m/s) X X X 

Wind Direction (degrees) X X X 

Wind Direction Standard Deviation (degrees) X X 

PAR (millimoles/m2) X X 

Total Solar Radiation (watts/m²) X 

Precipitation (mm) X X 

Battery Voltage (volts) X X X 

Maximum and associated 5-second time stamp   

Air Temperature (°C) X X X 

Wind Speed (m/s) X X X 

Minimum and associated 5-second time stamp 

Air Temperature (°C) X X X 

Total 24 hr  accumulation 

Precipitation (mm) X X 



33 
 

Table 2. Meteorological equipment and sensor specifications. 

Parameter Units Sensor Type Model Range Accuracy Other

Temperature Celsius (°C) Platinum resistance 

temperature detector 

(PRT)

HMP45ASP 

Temperature and 

Relative Humidity 

Probe

-40°C to +60°C  ± 0.2 °C @ 20°C

Relative Humidity Percent (%) Vaisala HUMICAP© 

180 capacitive relative 

humidity sensor

HMP45ASP 

Temperature and 

Relative Humidity 

Probe

0-100% non-condensing Accuracy at 20°C:  +/- 2% RH 

(0-90%) and +/- 3% (90-

100%)

Temperature 

dependence of RH 

measurement: +/- 0.05% 

RH/°C

Barometric Sensor millibars (mb) Vaisala Barocap © 

silicon capacitive 

pressure sensor

CS-105 Pressure: 600 to 1060 mb; 

Temperature:  -40°C to +60°C; 

Humidity:  non-condensing

± 0.5 mb @ 20°C; +/- 2 mb 

@ 0°C to 40°C; +/- 4 mb @ -

20°C to 45°C; +/- 6 mb @ -

40°C to 60°C

Stability: ± 0.1 mb per 

year

Wind direction degrees balanced vane, 38 cm 

turning radius

R.M. Young 05103 

Wind Monitor

360° mechanical, 355° electrical 

(5° open)

+/- 5%

Wind Speed meter per 

second (m/s)

18 cm diameter 4-blade 

helicoids propeller 

molded of polypropylene

R.M. Young 05103 

Wind Monitor

0-60 m/s (130 mph); gust 

survival 100 m/s (220 mph)

+/- 2%

Precipitation Milli-meters 

(mm)

Heated Tipping Bucket 

Rain Gauge

MetOne 380 Temperature: 0° to +/- 50°C; 

Humidity: 0 to 100%

+/- 1.0% up to 1 in./hr; +0, -

3% from 1 to 2 in./hr; +0, -5% 

from 2 to 3 in./hr 

Rainfall per tip: 0.01 inch

Precipitation Milli-meters 

(mm)

Heated Tipping Bucket 

Rain Gauge

Texas Electronics 

525

Temperature: 0° to +/- 50°C; 

Humidity: 0 to 100%

+/- 1.0% up to 1 in./hr; +0, -

3% from 1 to 2 in./hr; +0, -5% 

from 2 to 3 in./hr 

Rainfall per tip: 0.01 inch

LI-COR Quantum 

Sensor

mmoles m-2 

(total flux)

High stability silicon 

photovoltaic detector 

(blue enhanced)

LI190SB Light spectrum waveband:  400 

to 700 nm; Operating 

Temperature:  -40°C to 65°C; 

Humidity: 0 to 100%

typically 5 µA per 1000 µmoles 

s-1 m-2

Stability: <±2% change 

over 1 yr

Li-Cor 

Pyranometer

mA per 1000 

W m-2

High stability silicon 

photovoltaic detector 

(blue enhanced)

LI200SZ Light spectrum waveband: 400 

to 1100 nm; Operating 

Temperature:  -40°C to 65°C; 

Humidity: 0 to 100%

0.2 kW m-2 mV-1 Stability: <±2% change 

over 1 yr
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Table 3. Water quality sensor specifications. 

Parameter Units Sensor Type Model Range Accuracy Resolution

Temperature Celsius (C) Thermistor 6560 -5 to 50 °C +/-0.15 °C 0.01 °C

Conductivity milli-Siemens 

per cm (mS/cm)

4-electrode cell 

with autoranging

6560 0 to 100 mS/cm +/-0.5% of reading + 0.001 

mS/cm

0.001 mS/cm to 

0.1 mS/cm (range 

dependent)

Salinity parts per 

thousand (ppt)

Calculated from 

conductivity and 

temperature

0 to 70 ppt +/- 1.0% of reading or 0.1 

ppt, whichever is greater

0.01 ppt

Dissolved 

Oxygen %

percent air 

saturation (%)

Rapid Pulse – 

Clark type, 

polarographic

6562 0 to 500 % air 

saturation

0-200 % air saturation, +/- 2 

% of the reading or 2 % air 

saturation, whichever is 

greater; 200-500 % air 

saturation, +/- 6 % of the 

reading

0.1 % air 

saturation

Dissolved 

Oxygen mg/L

milligrams per 

Liter (mg/L); 

Calculated from 

% air saturation, 

temp and salinity

Rapid Pulse – 

Clark type, 

polarographic

6562 0 to 50 mg/L 0 to 20 mg/L, +/- 2 % of the 

reading or 0.2 mg/L, 

whichever is greater; 20 to 50 

mg/L, +/- 6 % of the reading

0.01 mg/L

Dissolved 

Oxygen %

% Saturation Optical probe w/ 

mechanical cleaning

6150 ROX 0 to 500% air 

saturation

0-200% air saturation: +/- 1% 

of the reading or 1% air 

saturation, whichever is 

greater; 200-500% air 

saturation: +/- 15% or reading

0.1% air 

saturation

Dissolved 

Oxygen mg/L

milligrams/Liter 

(mg/L)

Optical probe w/ 

mechanical cleaning

6150 ROX 0 to 50 mg/L 0-20 mg/L: +/-0.1 mg/l or 1% 

of the reading, whichever is 

greater; 20 to 50 mg/L: +/- 

15% of the reading

0.01 mg/L

Depth feet or meters 

(m)

Stainless steel 

strain gauge

0 to 30 ft (9.1 

m)

+/- 0.06 ft (0.018 m) 0.001 ft (0.001 

m)

pH units Glass combination 

electrode

6561 and 

6561FG

0 to 14 units +/- 0.2 units 0.01 units

Turbidity nephelometric 

turbidity units 

(NTU)

Optical, 90 ° 

scatter, with 

mechanical cleaning

6136 0 to 1000 NTU +/- 2 % reading or 0.3 NTU 

(whichever is greater)

0.1 NTU
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Table 4. Nutrient parameter specifications. 

 

  

Category Parameter Variable Name Units of 

Measure

Measurement 

type

MDL 

(µg/L)

Laboratory

Phosphorus Orthophosphate, 

Filtered

PO4F mg/L as P Measured 1.5 VIMS, UW, Cook 

Inlet Keeper

Nitrogen Nitrite + Nitrate, 

Filtered

NO23F mg/L as N Measured 1 VIMS, UW, Cook 

Inlet Keeper

Nitrite, Filtered NO2F mg/L as N Measured 0.2 VIMS, UW, Cook 

Inlet Keeper

Nitrate, Filtered NO3F mg/L as N Calculated 

NO23F - NO2F

- VIMS, UW, Cook 

Inlet Keeper

Ammonium, Filtered NH4F mg/L as N Measured 5.4 VIMS, UW, Cook 

Inlet Keeper

Dissolved Inorganic 

Nitrogen

DIN mg/L as N Calculated 

NO23F + NH4F

- VIMS, UW, Cook 

Inlet Keeper

Plant Pigments Chlorophyll a CHLA_N g/L Measured 0.02 KBRR

Phaeophytin PHEA g/L Measured 0.02 KBRR

Other Lab 

Parameters

Silicate, Filtered SiO4F mg/L as SI Measured 8 VIMS, UW, Cook 

Inlet Keeper
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Table 5. Nutrient laboratory methods and techniques. 

 

Parameter Method Descriptor Preservation Method

NH4F Alkaline phenol and hypochlorite react with ammonia to form 

indophenol blue that is proportional to the ammonia concentration.  The 

blue color formed is intensified with sodium nitroprusside.  Reaction is 

heat catalyzed at 37 °C.

The water sample is filtered 

through a 0.45 µm disposable disk 

filter and stored at –20 °C until 

analyzed. 

NO23F, 

NO3F and 

NO2F

Nitrate is reduced to nitrite by a copper/cadmium redactor column.  The 

nitrite ion then reacts with sulfanilamide to form a diazo compound.  This 

compound then couples with n-1-napthylenediamine dihydrochloride to 

form a reddish/purple azo dye.  The color development chemistry is the 

same as that used in Nitrite. Nitrate concentration equals the (nitrate + 

nitrite) concentration minus the nitrite concentration. 

The water sample is filtered 

through a 0.45 µm disposable disk 

filter and stored at –20 °C until 

analyzed.

SiO4F This automated procedure for the determination of soluble silicates is 

based on the reduction of a silicomolybdate in acidic solution to 

"molybedenum blue" by ascorbic acid.  Oxalic acid is introduced to the 

sample stream before the addition of ascorbic acid to eliminate 

interference from phosphates.  The range is 0 - 1.4 mg Si/L.

The water sample is filtered 

through a 0.45 µm disposable disk 

filter and stored at –20 °C until 

analyzed.

PO4F Ammonium molybdate and antimony potassium tartrate react in a 

sulfuric acid environment to form an antimony-phospho-molybdo 

complex, which is reduced to a blue colored complex by ascorbic acid.  

Reaction is heat catalyzed at 40 °C.

The water sample is filtered 

through a 0.45 µm disposable disk 

filter and stored at –20 °C until 

analyzed.

CHLA, 

PHEA

CHLA is extracted in 10 ml 90% acetone and fluorescence is measured 

and recorded (Fo).  Several drops (5-7) of 10% are added to convert the 

CHLA to phaeopigments (PHAE).  The fluorescence is again measured 

and recorded (Fa).  The concentration (μg/L) of CHLA and PHAE are 

calculated using the Fo / Fa ratio.

A known volume of sample (200 

mL) is filtered onto a 25 mm GF/F 

filter, folded in half and wrapped 

in aluminum foil.  Sample is stored 

at –70 °C until analysis.
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Table 6.   Land’s End Meteorological station overall averages. 

  

Parameter Avg n Min Max SD

Temp (°C) 5.2 227182 -16.2 23.6 6.6 6/1/2003 12/31/2009

RH (%) 76 226428 22 101 12 6/1/2003 12/31/2009

BP (mb) 1006 226821 956 1043 12 6/1/2003 12/31/2009

WS (m/s) 4.4 223123 0.0 20.8 3.0 6/1/2003 12/31/2009

WD (degrees) 148 212547 0 360 98 6/1/2003 12/31/2009

Max WS (m/s) 6.2 182188 0.0 29.4 3.8 6/1/2003 12/31/2009

PAR (mmole/m²) 110 222708 -1 1821 235 6/1/2003 12/31/2009

Precip (mm) 0.01 212865 0.00 41.90 0.30 6/1/2003 12/31/2009

Date Range
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Table 7. Water quality station overall averages for Homer Deep (HD); Homer Surface (HS); 
Seldovia Deep (SD); and Seldovia Surface (SS). 

 

  

Parameter Site Avg n Min Max SD

HD 5.5 91237 -1.6 12.1 3.3 1/1/2007 12/31/2009

HS 8.0 61527 -2.3 14.9 3.2 4/10/2007 12/16/2009

SD 6.3 90545 -0.4 12.4 2.7 1/1/2007 12/31/2009

SS 6.3 90635 -1.1 12.5 2.9 1/1/2007 12/31/2009

All Sites 6.5 333944 -2.3 14.9 3.0 1/1/2007 12/31/2009

HD 30.7 92791 25.4 32.4 0.9 1/1/2007 12/31/2009

HS 28.7 60682 15.2 32.5 2.3 4/10/2007 12/16/2009

SD 31.2 94398 28.0 33.3 0.7 1/1/2007 12/31/2009

SS 30.5 92396 17.5 32.8 1.2 1/1/2007 12/31/2009

All Sites 30.3 340267 15.2 33.3 1.3 1/1/2007 12/31/2009

HD 48.11 90198 40.00 51.95 1.66 1/1/2007 12/31/2009

HS 44.92 60640 24.95 51.47 3.55 4/10/2007 12/16/2009

SD 48.68 91132 43.72 51.78 1.33 1/1/2007 12/31/2009

SS 47.77 92452 28.55 51.11 1.90 1/1/2007 12/31/2009

All Sites 47.37 334422 24.95 51.95 2.11 1/1/2007 12/31/2009

HD 97.0 74468 55.4 135.9 9.6 1/1/2007 12/31/2009

HS 107.1 54761 60.2 147.7 11.5 4/10/2007 11/21/2009

SD 102.3 84304 66.0 148.1 10.8 1/1/2007 12/31/2009

SS 106.1 81430 79.9 157.8 14.0 1/1/2007 12/31/2009

All Sites 103.1 294963 55.4 157.8 11.5 1/1/2007 12/31/2009

HD 12.06 94755 7.42 16.27 1.75 1/1/2007 12/31/2009

HS 0.75 60251 -0.33 1.99 0.20 4/10/2007 12/16/2009

SD 8.28 97153 3.41 13.00 1.71 1/1/2007 12/31/2009

SS 0.63 95902 0.01 1.99 0.16 1/2/2007 12/31/2009

All Sites 5.43 348061 -0.33 16.27 0.95 1/1/2007 12/31/2009

HD 8.0 93246 7.1 8.8 0.2 1/1/2007 12/31/2009

HS 8.1 58714 7.1 8.6 0.1 4/10/2007 12/16/2009

SD 8.1 100788 7.4 8.5 0.1 1/1/2007 12/31/2009

SS 8.1 95410 7.6 8.5 0.1 1/1/2007 12/31/2009

All Sites 8.1 348158 7.1 8.8 0.1 1/1/2007 12/31/2009

HD 3 76416 0 298 7 1/1/2007 12/31/2009

HS 7 50091 -4 240 15 4/10/2007 11/21/2009

SD 1 68845 -1 35 2 1/1/2007 12/31/2009

SS 2 78297 -1 714 7 1/1/2007 12/31/2009

All Sites 3 273649 -4 714 8 1/1/2007 12/31/2009

Depth (m)

pH

Turbidity (NTU)

Date Range

Temp (°C)

Salinity (PSU)

Specific 

Conductivity 

(ms/cm)

Dissolved Oxygen 

(%)
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Table 8. Nutrient station overall averages for Homer Deep (HD); Homer Surface (HS); Seldovia 
Deep (SD); and Seldovia Surface (SS). 

 

 

 

Parameter Site Avg n Min Max StDev 

HD 0.0030 127 0.0002 0.0111 0.0025 2/20/2002 12/7/2005

HS 0.0027 116 0.0001 0.0096 0.0025 2/20/2002 12/7/2005

SD 0.0020 132 0.0004 0.0058 0.0012 2/21/2002 12/8/2005

SS 0.0019 129 0.0003 0.0058 0.0012 2/21/2002 12/8/2005

All Sites 0.0024 504 0.0001 0.0111 0.0018 2/20/2002 12/8/2005

HD 0.1359 124 0.0026 0.5520 0.1030 2/20/2002 12/7/2005

HS 0.1368 107 0.0003 0.4010 0.1023 2/20/2002 12/7/2005

SD 0.1368 129 0.0061 0.3880 0.0835 2/21/2002 12/8/2005

SS 0.1369 125 0.0005 0.3930 0.0882 2/21/2002 12/8/2005

All Sites 0.1366 485 0.0003 0.5520 0.0942 2/20/2002 12/8/2005

HD 0.1353 128 0.0032 0.5550 0.1034 2/20/2002 12/7/2005

HS 0.1361 110 0.0021 0.4050 0.1035 2/20/2002 12/7/2005

SD 0.1378 130 0.0066 0.3890 0.0838 2/21/2002 12/8/2005

SS 0.1361 128 0.0021 0.3940 0.0889 2/21/2002 12/8/2005

All Sites 0.1363 496 0.0021 0.5550 0.0949 2/20/2002 12/8/2005

HD 0.0191 120 0.0012 0.0820 0.0173 2/20/2002 12/7/2005

HS 0.0143 114 0.0010 0.0780 0.0130 2/20/2002 12/7/2005

SD 0.0239 116 0.0016 0.6850 0.0931 2/21/2002 12/8/2005

SS 0.0201 118 0.0013 0.3930 0.0599 2/21/2002 12/8/2005

All Sites 0.0194 468 0.0010 0.6850 0.0458 2/20/2002 12/8/2005

HD 0.0233 131 0.0009 0.1390 0.0260 2/20/2002 12/7/2005

HS 0.0187 130 0.0008 0.1000 0.0210 2/20/2002 12/7/2005

SD 0.0211 136 0.0027 0.1410 0.0234 2/21/2002 12/8/2005

SS 0.0196 136 0.0019 0.1240 0.0221 2/21/2002 12/8/2005

All Sites 0.0207 533 0.0008 0.1410 0.0231 2/20/2002 12/8/2005

HD 1.40 139 0.02 11.99 1.93 2/20/2002 12/7/2005

HS 1.35 138 0.10 11.43 1.72 2/20/2002 12/7/2005

SD 2.11 138 0.05 13.59 2.66 2/21/2002 12/8/2005

SS 1.89 139 0.12 11.50 2.23 2/21/2002 12/8/2005

All Sites 1.69 554 0.02 13.59 2.14 2/20/2002 12/8/2005

Chloryphyll-a 

CHL (µg/L)

Ammonium NH4 

(mg/L)

Date Range

Nitrite + Nitrate 

NO23 (mg/L)

Orthophosphate 

PO4 (mg/L)

Nitrite NO2 

(mg/L) 

Nitrate NO3 

(mg/L)


