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Conversion Factors

Multiply By To obtain
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kilometer (km) 0.6214 mile (mi)

square kilometer (km?) 0.3861 square mile (mi?)

milliliter (mL) 0.03382 fluid ounce (0z)
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Abbreviations
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acoustic Doppler current profiler
Aphanizomenon flos-aquae
biological oxygen demand

low dissolved-oxygen event
National Water Information System
National Water Quality Laboratory
U.S. Geological Survey




Water Quality Conditions in Upper Klamath and

Agency Lakes, Oregon, 2005

By Gene R. Hoilman, Mary K. Lindenberg, and Tamara M. Wood

Abstract

During June—October 2005, water quality data were
collected from Upper Klamath and Agency Lakes in Oregon,
and meteorological data were collected around and within
Upper Klamath Lake. Data recorded at two continuous water
quality monitors in Agency Lake showed similar temperature
patterns throughout the field season, but data recorded at the
northern site showed more day-to-day variability for dissolved
oxygen concentration and saturation after late June and more
day-to-day variability for pH and specific conductance values
after mid-July. Data recorded from the northern and southern
parts of Agency Lake showed more comparable day-to-day
variability in dissolved oxygen concentrations and pH from
September through the end of the monitoring period.

For Upper Klamath Lake, seasonal (late July through
early August) lows of dissolved oxygen concentrations
and saturation were coincident with a seasonal low of pH
values and seasonal highs of ammonia and orthophosphate
concentrations, specific conductance values, and water
temperatures. Patterns in these parameters, excluding water
temperature, were associated with bloom dynamics of the
cyanobacterium (blue-green alga) Aphanizomenon flos-aquae
in Upper Klamath Lake. In Upper Klamath Lake, water
temperature in excess of 28 degrees Celsius (a high stress
threshold for Upper Klamath Lake suckers) was recorded only
once at one site during the field season. Large areas of Upper
Klamath Lake had periods of dissolved oxygen concentration
of less than 4 milligrams per liter and pH value greater than
9.7, but these conditions were not persistent throughout days
at most sites. Dissolved oxygen concentrations in Upper
Klamath Lake on time scales of days and months appeared to
be influenced, in part, by bathymetry and prevailing current
flow patterns. Diel patterns of water column stratification
were evident, even at the deepest sites. This diel pattern of
stratification was attributable to diel wind speed patterns and
the shallow nature of most of Upper Klamath Lake. Timing of

the daily extreme values of dissolved oxygen concentration,
pH, and water temperature was less distinct with increased
water column depth.

Chlorophyll a concentrations varied spatially and
temporally throughout Upper Klamath Lake. Location greatly
affected algal concentrations, in turn affecting nutrient and
dissolved oxygen concentrations—some of the highest
chlorophyll a concentrations were associated with the lowest
dissolved oxygen concentrations and the highest un-ionized
ammonia concentrations. The occurrence of the low dissolved
oxygen and high un-ionized ammonia concentrations
coincided with a decline in algae resulting from cell death, as
measured by concentrations of chlorophyll a.

Dissolved oxygen production rates in experiments were
as high as 1.47 milligrams of oxygen per liter per hour, and
consumption rates were as much as —0.73 milligrams of
oxygen per liter per hour. Dissolved oxygen consumption
rates measured in this study were comparable to those
measured in a 2002 Upper Klamath Lake study, and a higher
rate of dissolved oxygen consumption was recorded in dark
bottles positioned higher in the water column. Data, though
inconclusive, indicated that a decreasing trend of dissolved
oxygen productivity through July could have contributed to
the decreasing dissolved oxygen concentrations and percent
saturation recorded in Upper Klamath Lake during this time.
Phytoplankton self-shading was evident from a general inverse
relation between depth of photic zone and chlorophyll a
concentrations. This shading caused net dissolved oxygen
consumption during daylight hours in lower parts of the water
column that would otherwise have been in the photic zone.

Meteorological data collected in and around Upper
Klamath Lake showed that winds were likely to come from
a broad range of westerly directions in the northern one-
third of the lake, but tended to come from a narrow range of
northwesterly directions over the main body of the lake farther
south.
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Introduction

Water quality degradation in Upper Klamath Lake has
led to critical fishery concerns for the region, including the
listing of Lost River and shortnose suckers as endangered
in 1988. The algal community of the lake has shifted to a
near monoculture of the cyanobacterium (blue-green algae)
Aphanizomenon flos-aquae (AFA) during summer (Kann,
1997; Perkins and others, 2000), massive blooms of which
have been directly related to episodes of poor water quality in
Upper Klamath Lake (fig. 1). The growth and decomposition
of AFA blooms in the lake frequently cause extreme water
quality conditions characterized by high pH values (9-10),
widely variable dissolved oxygen conditions (anoxic to
supersaturated), and high un-ionized ammonia concentrations
(greater than 0.5 mg/L). Large blooms of AFA and the
associated water quality concerns also occur in Agency Lake.

Before the U.S. Geological Survey (USGS) began
monitoring water quality in Upper Klamath Lake in 2002
in cooperation with the Bureau of Reclamation, continuous
datasets of temperature, pH, dissolved oxygen, or specific
conductance spanning spring through fall did not exist. The
Klamath Tribes have collected biweekly water samples for
nutrients and chlorophyll a at 10 sites in Upper Klamath and
Agency Lakes since 1990. Several studies have used this
dataset, which is the longest consistent record of water quality
available for Upper Klamath Lake (Wood and others, 1996;
Kann and Smith, 1999; Kann and Walker, 2001; Kann and
Welch, 2005; Wood and others, 2006; Morace, 2007).

During 2002-04, the USGS water quality monitoring
program study area was limited mostly to the northern one-
third of Upper Klamath Lake, where the monitoring supported
a telemetry tracking study of endangered adult suckers
(Wood and others, 2006). Data collected during the 3 years
of monitoring showed that the occurrence and severity of
poor water quality conditions in Upper Klamath Lake were
unpredictable from year to year. During each year, however,
seasonal patterns of low dissolved oxygen concentration and
high pH coincided with blooms of AFA that occur in the lake.
A diel pattern of water column stratification was observed
in the lake, but the data did not indicate a strong association
between water column stratification and an event of extreme
low dissolved oxygen concentration and a consequent fish die-
off in 2003.

Water circulation in Upper Klamath Lake is determined
by wind speed and direction and the bathymetry of the lake.
The lake is mostly shallow (less than 3.5-m depth), with
the exception of a narrow trench (greater than 10-m depth)
that extends along the western shoreline (fig. 2). Prevailing
winds over Upper Klamath Lake are westerly (between
about 250 and 315 degrees) over the northern part of the lake
and then are constrained by the surrounding topography to
northwesterly (between about 315 and 360 degrees) over the
southern part of the lake. Velocity measurements of currents
made with acoustic Doppler current profilers (ADCPs, Wood

Figure 1. Algal bloom Aphanizomenon flos-aquae, disturbed
by the wake of the boat, Upper Klamath Lake, Oregon, 2005.
(Photograph taken by Mary Lindenberg, U.S. Geological
Survey, September 26, 2006.)

and others, 2006) and hydrodynamic modeling with the
three-dimensional UnTRIM model (Cheng and others, 2005)
have confirmed that circulation is clockwise around the lake
during periods of prevailing winds, consisting of a broad and
shallow southward flow through most of the lake and a narrow,
deep, northward flow through the trench along the western
shoreline. The direction of the current in the trench is tightly
constrained by the bathymetry to flow to the northwest at
about 320 degrees when forced by prevailing winds. Some of
the water exiting the trench just west of Bare Island continues
clockwise around the island, and the rest turns west around
Eagle Point, generating a clockwise circulation within the
northern one-third of the lake. This understanding of the wind-
driven currents indicates that poor water quality conditions
(particularly low dissolved oxygen concentrations) that are
observed in the northern part of the lake do not originate
locally. Instead, these conditions originate farther south in the
lake and are transported to the north along this circulation path
through the trench and west of Bare Island (Wood and others,
2000).
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In 2005, the existing water quality monitoring program
expanded to become lakewide in Upper Klamath Lake and
to include Agency Lake. These changes created a program
better suited to establishing long-term status and trends of
water quality dynamics and monitoring the suitability of water
quality for protection of endangered species of fish living
within the lakes.

Meteorological sites were established at four locations
on land around the lake in addition to the two floating
meteorological sites used in previous years, providing greater
resolution of wind speed, wind direction, air temperature, and
relative humidity. Additionally, collection of solar-radiation
data at SSHR began in 2005. The additional wind data were
used to improve the hydrodynamic model describing water
movement in Upper Klamath Lake. The air temperature,
relative humidity, and solar-radiation data were used to
calculate heat transfer at the water surface in a heat transport
model of Upper Klamath Lake (T.M. Wood, U.S. Geological
Survey, unpub. data, 2006; Wood and Cheng, 2006).

Purpose and Scope

This report presents the results of water quality
monitoring in Upper Klamath and Agency Lakes during 2005.
Meteorological data, including wind speed and direction,
air temperature, relative humidity, and solar radiation, are
presented and used to describe wind patterns and their
influence on circulation in Upper Klamath Lake. Dissolved
nutrient concentrations are correlated with chlorophyll a
concentrations, which serve as a surrogate for algal biomass.
Results of dissolved oxygen production and consumption
experiments are described. Dissolved oxygen concentration
and saturation, water temperature, pH, and specific
conductance values of water samples collected from the lakes
are presented and used to determine water quality conditions
potentially harmful to fish.

Description of Study Area

Upper Klamath Lake (fig. 2) is located in southern
Oregon. It is a large, shallow lake with a surface area of 232
km? and an average depth of 2.8 m. Most of the lake (about
90 percent) is shallower than 4 m, except for a narrow trench
running parallel to Eagle Ridge on the western shore of the
lake. This trench contains the deepest waters of the lake,
approaching 15 m. Upper Klamath Lake is located in the
Klamath Graben structural valley, and much of its 9,415-km?
drainage basin is composed of volcanically derived soils.
The largest single contributor of inflow to the lake is the

Williamson River, which contributes, on average, nearly one-
half of the lake’s incoming water and enters the lake near its
northern end. Upper Klamath Lake historically was eutrophic,
but over the past several decades has experienced nuisance
blooms of AFA during the summer and fall and can now be
characterized as hypereutrophic (Eilers and others, 2004).
Upper Klamath Lake is a natural water body, but lake-surface
elevations have been regulated since 1921, when the Link
River Dam was completed at the southern outlet of the lake.
The dam was built and currently is operated by the Bureau of
Reclamation. The lake is now the principal water source for
the Klamath Project, an irrigation system developed to supply
water to farms and ranches in and around the Klamath basin
(Bureau of Reclamation, 2000).

Agency Lake, just north of Upper Klamath Lake and
connected to it by a natural, narrow channel, adds about
38 km? of surface area to the Upper Klamath Lake-Agency
Lake hydrologic entity (Johnson, 1985). Agency Lake also
is shallow, with a maximum depth approaching 3 m and an
average depth of 0.9 m. Like Upper Klamath Lake, Agency
Lake is hypereutrophic and experiences annual blooms of
AFA. Because the channel connecting Upper Klamath Lake
and Agency Lake is narrow compared to the two water bodies
and the amount of flow through it is small, the two lakes are
largely independent in terms of the seasonal cyanobacterial
bloom and water quality dynamics.

Methods

Continuous Water Quality Monitors

Y SI model 600XLM, 6920, or 6600 continuous
multiparameter water quality monitors (sondes) were placed
at 13 sites in Upper Klamath Lake and 2 sites in Agency Lake
(fig. 2; table 1). At all these locations, sondes were placed
vertically at a fixed depth of 1 m from the lake bottom. If
the depth at a site was less than 2 m, the sonde was placed
horizontally at the midpoint of the water column. A typical
sonde mooring is shown in figure 3. The placement depth of 1
m from the bottom was chosen to provide data relevant to the
endangered suckers of Upper Klamath Lake, which are bottom
feeding fish. To observe water quality conditions near the
water surface and provide comparisons to conditions near the
lake bottom, a second sonde was placed on the same mooring
at a fixed depth 1 m from the surface at three of the deepest
locations, MDT, EPT, and MDN (fig. 2). All sondes recorded
dissolved oxygen concentration, pH, specific conductance, and
temperature at the beginning of every hour.
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Sondes were cleaned and field measurements of site
depth were made during weekly site visits to ensure proper
placement of the instrument in the water column. Separate
field measurements of dissolved oxygen concentration,
pH, specific conductance, and temperature at the depth
of each sonde were made as an additional check of sonde
performance. During cleanings, measurements were made to
compensate for the effect of biological fouling. Deployments
generally lasted 3 weeks; at the end of this time the sonde
at the site was replaced with a freshly calibrated instrument.
Calibration of the sonde was checked for each parameter in the
laboratory after retrieval to account for the effect of calibration

drift. Data internally logged during deployment in the field
were downloaded from retrieved sondes in the laboratory.
These raw data were then loaded into the USGS Automated
Data Processing System (ADAPS). Quality of the data was
assured by the field information collected at weekly site visits
and by processing the time series according to the procedures
in Wagner and others (2000). Data corrections resulting from
biological fouling and calibration drift were entered into
ADAPS, which calculated the corrected values.

Table 1. Description of continuous water quality monitoring sites used for the 2005 data-collection program,
Upper Klamath and Agency Lakes, Oregon.

[Sites are shown in order of decreasing depth.]

. . Full-pool
Site name Site n_am_e . U_S_GS §|te Latitude (north) Longitude (west) measured
abbreviation identification No.
depth (meters)
Middle of trench (lower) MDT-L 422305121553800 42°23'5.09" 121°55'38.2" 15.00
Middle of trench (upper) MDT-U 422305121553803 42°23'5.09" 121°55'38.2" 15.00
Eagle Point (lower) EPT-L 422559121574400 42°25'59.2"  121°57'44.1" 12.50
Eagle Point (upper) EPT-U 422559121574403 42°25'59.2"  121°57'44.1" 12.50
Entrance to Howard Bay EHB 421935121530600 42°19'35.4"  121°53'5.9" 5.20
Midlake MDL 422312121515900 42°23'12" 121°51'59.1" 4,50
Midnorth (lower) MDN-L 422622122004000 42°26'21.5" 122°0'40.0" 4.20
Midnorth (upper) MDN-U 422622122004003 42°26'21.5" 122°0'40.0" 4.20
Modoc Point MPT 422523121525100 42°25'23.2" 121°52'50.8" 3.70
Ball Bay BLB 422431122010100 42° 24' 31" 122°1'1" 3.50
Rattlesnake Point RPT 422042121513100 42°20'41.6" 121°51'31.4" 3.40
Shoalwater Bay SHB 422444121580400 42° 24' 26.1" 121° 57" 47.1" 3.30
Agency North AGN 423335121564300 42° 33' 35" 121° 56' 43" 3.00
Fish Banks FBS 422808122024400 42° 28'8.8" 122° 2' 435" 2.80
North Buck Island NBI 421838121513900 42°18' 38" 121° 51' 39" 2.80
Upper Klamath Lake at WMR 422719121571400 42°27'19.4"  121°57'13.6" 2.50
Williamson River outlet
Agency South AGS 423124121583400 42°31'24.9" 121°59'3.4" 2.50
Howard Bay HDB 421933121550000 42°19' 33" 121° 55' 0" 2.50
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Tension Buoy (maintains position
of sonde at 1 meter from bottom)

Ring (to help haul sonde into boat)

NOT TO SCALE

Weight Bucket

Lake Sediment

Figure 3. Schematic diagram of a typical mooring used for
placement of continuous water quality monitors in Upper
Klamath and Agency Lakes, Oregon.

Water Sample Collection

Of the 15 continuous water quality monitoring sites,
6 sites, MDN, WMR, EPT, MDT, HDB, and MDL (fig. 2),
were selected for nutrient and chlorophyll a analyses. Water
samples were collected on a weekly basis according to
established protocols (U.S. Geological Survey, variously
dated). Samples were analyzed for chlorophyll a, total
phosphorus, total ammonia (ammonia plus ammonium),
orthophosphate, and nitrite-plus-nitrate concentrations. To
protect samples from contamination during the collection
process, quality control protocols were followed as described

in the National Field Manual for the Collection of Water-
Quality Data (U.S. Geological Survey, variously dated). Two
sampling methods were used relative to the type of constituent
measured. Water samples analyzed for dissolved nutrients,
including total ammonia, orthophosphate and nitrite-plus-
nitrate, were collected from either one or two points in the
water column, depending on the depth at the site. At the deep
sites MDT and EPT, dissolved nutrient samples were collected
from two points in the water column—one-quarter and three-
quarters of the total water column depth—to investigate the
difference between the upper and lower sections of the water
column. At the shallow sites MDN, WMR, HDB, and MDL,
dissolved nutrient samples were collected from middepth of
the water column. Dissolved nutrient samples were collected
by pumping through a hose (lowered to the appropriate

depth in the water column) connected to a 0.45-um capsule
filter. Whole (unfiltered) water samples analyzed for total
phosphorus and chlorophyll a constituted an equal integration
over the depth of the water column. To collect depth-integrated
samples, a weighted cage holding two 1-L bottles was
lowered at a constant rate into the water to 0.5 m from the
bottom at sites less than 10.5 m depth and to 10 m from the
surface at sites greater than 10.5 m depth. Each bottle had two
small ports, one for water to flow in and one for the escape

of displaced air. The contents of the bottles from multiple
collections of the cage sampler were combined in a churn
splitter from which samples were collected for determination
of total phosphorus and chlorophyll a concentration. Samples
to be analyzed for total phosphorus were preserved with 1 mL
of 4.5N (4.5 normal) H,S0,, and chlorophyll a samples were
fixed with MgCO,. Samples to be analyzed for dissolved
nutrients and total phosphorus were chilled onsite and sent to
the National Water Quality Laboratory (NWQL) in Denver,
Colorado, for analysis. Finalized data were stored in the
USGS National Water Information Systems (NWIS) database.
Samples to be analyzed for chlorophyll a concentration were
chilled onsite and sent to Aquatic Analysts in White Salmon,
Washington. Results of the 2005 quality assurance program
are discussed in the appendix.

Dissolved Oxygen Production and
Consumption Experiments

Experiments were conducted to provide measurements
of dissolved oxygen production and consumption rates in
Upper Klamath Lake (fig. 4). Biological oxygen demand
(BOD) bottles, with a volume of 300 mL and made of type
1 borosilicate glass, were filled with lake water integrated
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Figure 4. Schematic diagram of apparatus for dissolved oxygen
production and consumption experiments in Upper Klamath Lake,
Oregon, 2005.

over the entire water column. BOD bottles were filled

from the churn splitter with the same collection of lake
water as chlorophyll a samples. This procedure allowed the
chlorophyll a data to be used in the analysis of data from the
dissolved oxygen production and consumption experiments.
After filling, initial dissolved oxygen concentration and
temperature were measured in the bottles with a YSI model
52 dissolved oxygen meter. Three bottles were attached to rest
horizontally on racks at each of two depths. One bottle out
of each group of three was dark (made so by wrapping it and
its stopper with black electrical tape). Once attached to the
incubator rack, the bottles were lowered into the water.

The experiment apparatus was moored at the site for at
least 1 hour and typically retrieved before 3 hours. Dissolved
oxygen concentration and temperature were again measured
in each bottle, and incubation time was noted. The change
in dissolved oxygen concentration was calculated in each
bottle, and the incubation time was used to express the rate of
dissolved oxygen change in milligrams of oxygen per liter per
hour. Most experiments were conducted between the hours of
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10:00 a.m. and 3:00 p.m. Logistical constraints did not allow
for this experiment to be done at every water sample collection
site during every week of sampling, but an attempt was made
to collect the dissolved oxygen rate data at each of the six sites
throughout the season, if not on a weekly basis (table 2). The
upper rack generally was positioned 0.5 m below the water
surface. Early in the season experimentation was done with
the position of the lower rack before settling on 2 m depth

to give sufficient contrast with the upper rack. As the season
progressed, the lower rack was raised to 1.5 m, and toward

the end of the season the lower rack was raised to 1 m at the
shallow sites. Some sites became too shallow toward the

end of the field season to incorporate the lower rack into the
experiment.

Light intensity was measured in a vertical profile from
the water surface to a depth of 2.5 m (or the lake bottom) in
0.5-m increments by using a LiCor LI-193SB underwater
spherical quantum sensor. These measurements were used to
estimate the depth of the photic zone, defined here as the point
at which 99 percent of incident light is absorbed (or, 1 percent
of incident light is transmitted), by using Beer’s law, which
describes the penetration of solar radiation through the water
column as an exponential relation (Welch, 1992):

[, =1, (1)

where
z is depth, in meters,
I, is radiation at depth z, in micromoles per second
per square meter,
I, is surface radiation, in micromoles per second per
square meter, and
o, is the extinction coefficient.

o was estimated for each set of measurements by fitting
equation (1) to the vertical profile of the light meter readings.
The depth of the photic zone z, was then calculated as:

z, =In(0.01) / (-a) (2

Measurements were made at each site on each date at the
beginning of the incubation period (“early” measurements)
and immediately after the incubation period (“late”
measurements). The early and late measurements were
then combined to provide the average depth of photic zone
throughout the duration of each experiment at each site.
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Table 2. Depth of incubator racks at each site during dissolved oxygen production and consumption experiments in Upper Klamath

Lake, Oregon, 2005.

[Description of sites are shown in table 1; location of sites shown in figure 2. Abbreviations: n/a, site became too shallow to incorporate the lower rack into the

experiment. —, no data were collected]

Depth, in meters below water surface

First day of sampling in week

Rack location June July August September October
14 2 28 6 12 19 26 2 9 15 22 29 6 19 26 3
Howard Bay (HDB)

Upper 0.5 - - - - - - - - 05 05 05 05 05 0.5 0.5

Lower 1 - - - - - - - - 1.5 1.5 1 1 n/a n/a n/a

Average photic zone  2.35 - - - - - - - - 0.62 142 1.07 1.04 1.08 1.60 2.17

Upper Klamath Lake at Williamson River Qutlet (WMR)

Upper 0.3 - - 0.5 - - - - - 05 05 05 05 05 0.5 0.5

Lower 1 - - 2 - - - - - 1.5 1 1 1 n/a n/a n/a

Average photic zone  2.47 - - 284 - - - - - 201 1.89 1.09 1.55 229 280 1.8

Midlake (MDL)

Upper 0.5 0.5 05 05 - 05 - 05 05 05 05 05 05 0.5 0.5

Lower 2 2 2 2 - 15 - 15 15 1.5 15 1.5 1 1 1.5

Average photic zone 212 1.87 1.78 206 - 392 - 261 271 106 240 187 1.15 1.70 1.88

Midnorth (MDN)

Upper 0.5 0.5 - - 05 - 05 05 05 05 05 05 05 0.5 0.5

Lower 2 2 - - 2 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1 1.5

Average photic zone 1.83  1.69 - - 215 - 431 276 286 152 1.61 1.90 145 151 1.44

Eagle Point (EPT)

Upper - - - 0.5 - 05 - - 05 05 05 - 05 0.5 0.5

Lower - - - 2 - 15 - - 15 1.5 15 - 1.5 1 1.5

Average photic zone - - - 2.29 - 3.01 - - 190 186 1.76 - 1.99 1.52 1.72

Middle of trench (MDT)

Upper - - - - 05 - 05 - 05 05 05 - 05 0.5 0.5

Lower - - - - 2 - 1.5 - 1.5 1.5 1.5 - 1.5 1.5 1.5

Average photic zone - - - - 0.87 - 1.90 - 071 1.07 125 - 091 144 1.42

Meteorological Sites

The location of meteorological measurement sites in the
Upper Klamath Lake basin is shown in figure 2 and listed in
table 3. Floating meteorological sites have been part of the
Upper Klamath Lake monitoring program in previous years.
Land-based meteorological sites were a new addition to the
monitoring effort in 2005.

A schematic diagram of the typical land-based
meteorological site is shown in figure 5. Wind speed and
direction data were collected by an RM Young model 05103
wind monitor. Air temperature and relative humidity data were
collected by a Campbell Scientific CS500 or HMP35C relative

humidity and air temperature sensor. Additionally, solar
radiation data were collected only at the WMR MET station
by using a Li-Cor LI200SZ pyranometer. Floating sites were
configured similarly to the land-based sites, although the mast
attached to the buoy provided a height, measured from the
surface of the water, of 2 m for wind monitors and 1.5 m for
relative humidity and temperature sensors. Relative humidity
and temperature data were not collected at the MDN MET,
BLB MET, or SSHR MET sites during the 2005 field season.
Data collected from all sensors at a site were stored every

15 minutes by a Campbell Scientific CR510, CR10, or CR10X
datalogger located at the station. Power was provided by a
12-volt battery at the station charged by a solar power array.
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Table 3. Description of meteorological sites and parameters measured at each site, Upper Klamath Lake, Oregon, 2005.

[USGS site identification No.: Unique number for each site based on the latitude and longitude of the site. First six digits are the latitude; next eight digits are
longitude; and final two digits are a sequence number to uniquely identify each site. Abbreviations: USGS, U.S. Geological Survey]

9

Moteorological site  Site n_am_e . U_S_GS s_lte Latitude (north) Longitude (west) Parameters measured
name abbreviation identification No.

Ball Bay BLB MET 422341122003800 42°23'40.9" 122°0' 38.4" Wind speed/direction

Howard Bay HDB MET 421846121542800 42°18'46.2" 121° 54' 28" Wind speed/direction, air temperature,
relative humidity

Midlake! MDL MET 422312121515900 42°23'12" 121°51'59.1"  Wind speed/direction, air temperature,
relative humidity

Midnorth! MDN MET 422622122004000 42°26'21.5" 122°0' 40" Wind speed/direction

South Shore SSHR MET 421402121491400 42°14'2.76" 121°49'14.38" Wind speed/direction

Williamson River WMR MET 422809121574800 42°28'9" 121°57'48.5"  Wind speed/direction, air temperature,

relative humidity, solar radiation

'Floating site.

Reducer

Solar Power Array

2.5 cm Pipe

Wind Speed/Direction Sensor

Relative Humidity and
Temperature Sensor

A

Datalogger 3 meter

NOT TO SCALE

2 meter

3.8 cm Pipe

Concrete Footing

Figure 5. Configuration of land-based meteorological
measurement sites around Upper Klamath Lake, Oregon, 2005.
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Data were collected during site visits, about every 2 weeks
during the field season. During these visits, sensors were
checked for proper function by comparison with hand-held
instruments and were cleaned and maintained if necessary.
Information necessary to correct data that may have been
corrupted by fouling or drifts from proper calibration was
collected as needed. Raw meteorological data were loaded
into ADAPS and processed in the same manner as the water
quality data.

Data Processing

Before calculating any statistics, data recorded by
continuous water quality monitors were screened using
temporal and, when appropriate for the statistic, spatial
criteria. In this report, daily statistics are used for continuous
water quality monitoring data. For a day’s worth of data to be
acceptable for computing daily statistics, at least 80 percent of
the day’s possible measurements were necessary, constituting
a “qualifying day” of data. A spatial criterion was applied
when data over the entire lake were compiled to compute a
statistic, such as lakewide daily median dissolved oxygen
concentration. This criterion specified that at least 7 percent of
the lake’s water quality monitoring sites had to have qualifying
daily data to in order to compute the lakewide statistic for a
particular day.

For statistics at individual meteorological sites, the
temporal criterion ensured that at least 80 percent of the
day’s possible measurements were available to constitute a
qualifying day of data. To compute lakewide meteorological
statistics, the SSHR MET site was not included in calculations
because this site was not established until August 18,

2005. Different levels of spatial acceptability were applied
depending on the parameter because not all parameters

were collected at all sites, and there were relatively few
meteorological sites around the Upper Klamath Lake basin.
Statistics of solar radiation were computed only with data
collected during daylight hours. Solar radiation data were
collected at only one site, so no spatial criterion was applied
to these data. Air temperature and relative humidity data

were collected at three sites, so the spatial criterion for these
parameters ensured that two of the three sites (67 percent) had
daily qualifying data to compute a lakewide daily statistic.
Wind speed data were collected at all meteorological sites, so
the spatial criterion for wind speed ensured that four of the
five sites (80 percent) had daily qualifying data to compute a
lakewide daily statistic. Lakewide statistics were not computed
for wind direction. Statistics of direction can be potentially
misleading or uninformative. For example, a mean wind
direction may indicate a direction that was not an actual wind

direction during the time the statistic was computed, and
because wind direction is a value between 0 and 359, daily
minimum and maximum values of direction tend to be 0 and
359, respectively.

Meteorological Conditions

The graphs of lakewide daily median meteorological
conditions (fig. 6) provide information about the general
behavior of these environmental parameters in the vicinity of
the lake throughout the field season. Daily median wind speed
generally was constant throughout the study. Some particularly
windy periods occurred in mid-June, late August, and mid-
September, when lakewide daily median wind speed exceeded
5 m/s. Air temperature gradually increased from June through
July and then gradually decreased from August through
October. Relative humidity generally followed the inverse
of air temperature patterns. Variability in solar radiation
was low through July and August; indicating that conditions
during these months were mostly sunny. Greater variability in
mid-June and again from September onward indicates more
periods of cloudiness during these times. These patterns of air
temperature, relative humidity, and solar radiation are typical
of the hot, dry summers of the Upper Klamath Lake basin.

Wind speed and direction ultimately determine the
circulation of the water in Upper Klamath Lake. This
phenomenon has been verified with a hydrodynamic model
of the lake (Cheng and others, 2005) and with the placement
of acoustic Doppler current profilers in the lake (Wood and
others, 2006). The hydrodynamic model describes a general
clockwise circulation pattern of water in Upper Klamath Lake
under northwesterly winds (fig. 7), which are prevalent during
the summer.

Because the wind and the currents are so closely related,
the preliminary modeling effort also demonstrated the need
to collect spatially accurate wind data, rather than data from
a single site. Before meteorological measurements were
collected at several sites on and around the lake (fig. 2), little
was understood about wind characteristics in the vicinity of
the lake.

Wind histograms (fig. 8) provide a summary of wind
direction and speed at each site. These histograms show
the relative frequency of occurrence of wind in four speed
categories from each 5-degree direction category around
360 degrees of direction. The wind speed histogram bars are
stacked in each 5-degree direction category, with bars for the
strongest winds on top. The histograms display simple counts
of direction readings categorized by wind speed; no temporal
filters were applied to the data used in these plots.
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Figure 6.

Lakewide daily median wind speed, air temperature, relative humidity, and daytime solar radiation for

meteorological sites in and around Upper Klamath Lake, Oregon, 2005.

The histograms reveal that wind characteristics in the
northern part of the lake, represented by MDN MET, differed
from those in the main body of the lake, represented by MDL
MET. In the northern part of the lake, winds were likely to
come from the southwest-to-northwest sector, including
most winds greater than 5 m/s, which have more potential to
drive lake currents. In the main body of the lake, most winds
in all speed categories came from a relatively narrow band
to the northwest, because the topographic ridges to the east
and west funnel the winds into a narrow range of direction
over the main body of the lake. This same