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Salinity Trends in the Upper Colorado River Basin
Upstream From the Grand Valley Salinity Control Unit,
Colorado, 1986–2003
By Kenneth J. Leib and Nancy Bauch

Abstract
In 1974, the Colorado River Basin Salinity Control Act
was passed into law. This law was enacted to address concerns
regarding the salinity content of the Colorado River. The law
authorized various construction projects in selected areas or
‘units’ of the Colorado River Basin intended to reduce the
salinity load in the Colorado River. One such area was the
Grand Valley Salinity Control Unit in western Colorado.
The U. S. Geological Survey has done extensive studies and
research in the Grand Valley Salinity Control Unit that provide
information to aid the U.S. Bureau of Reclamation and the
Natural Resources Conservation Service in determining where
salinity-control work may provide the best results, and to what
extent salinity-control work was effective in reducing salinity
concentrations and loads in the Colorado River. Previous studies have indicated that salinity concentrations and loads have
been decreasing downstream from the Grand Valley Salinity
Control Unit, and that the decreases are likely the result of
salinity control work in these areas. Several of these reports;
however, also document decreasing salinity loads upstream
from the Grand Valley Salinity Control Unit. This finding was
important because only a small amount of salinity-control
work was being done in areas upstream from the Grand Valley
Salinity Control Unit at the time the findings were reported
(late 1990’s). As a result of those previous findings, the U.S.
Bureau of Reclamation entered into a cooperative agreement
with the U.S. Geological Survey to investigate salinity trends
in selected areas bracketing the Grand Valley Salinity Control
Unit and regions upstream from the Grand Valley Salinity
Control Unit.
The results of the study indicate that salinity loads were
decreasing upstream from the Grand Valley Salinity Control
Unit from 1986 through 2003, but the rates of decrease have
slowed during the last 10 years. The average rate of decrease
in salinity load upstream from the Grand Valley Salinity
Control Unit was 10,700 tons/year. This accounts for approximately 27 percent of the decrease observed downstream from
the Grand Valley Salinity Control Unit. Salinity loads were
decreasing at the fastest rate (6,950 tons/year) in Region 4,

which drains an area between the Colorado River at Cameo,
Colorado (station CAMEO) and Colorado River above
Glenwood Springs, Colorado (station GLEN) streamflowgaging stations.
Trends in salinity concentration and streamflow were
tested at station CAMEO to determine if salinity concentration, streamflow, or both are controlling salinity loads
upstream from the Grand Valley Salinity Control Unit. Trend
tests of individual ion concentrations were included as potential indicators of what sources (based on mineral composition) may be controlling trends in the upper Colorado. No
significant trend was detected for streamflow from 1986 to
2003 at station CAMEO; however, a significant downward
trend was detected for salinity concentration. The trend slope
indicates that salinity concentration is decreasing at a median
rate of about 3.54 milligrams per liter per year. Five major
ions (calcium, magnesium, sodium, sulfate, and chloride) were
tested for trends. The results indicate that processes within
source areas with rock and soil types (or other unidentified
sources) bearing calcium, sodium, and sulfate had the largest
effect on the downward trend in salinity load upstream from
station CAMEO.
Downward trends in salinity load resulting from groundwater sources and/or land-use change were thought to be
possible reasons for the observed decreases in salinity loads;
however, the cause or causes of the decreasing salinity loads
are not fully understood. A reduction in the amount of groundwater percolation from Region 4 (resulting from work done
through Federal irrigation system improvement programs as
well as privately funded irrigation system improvements) has
helped reduce annual salinity load from Region 4 by approximately 7,400 tons. This amount is equal to about 5.9 percent
of the total decrease (125,000 tons, or about 6,950 tons/year)
estimated to have occurred in Region 4 during water years
1986 through 2003. A geographic information system was
used to quantify the change in the amount of irrigated land
upstream from the Grand Valley Salinity Control Unit from
1993 through 2000. These data indicated that the amount of
irrigated land did not change substantially, thus indicating that
the downward trends in salinity load did not result from landuse change.
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Introduction
Salinity is generally defined as concentration of dissolved
mineral salts or dissolved solids in water. Elevated concentrations of salinity can cause numerous issues for water users
including soil dispersion, taste and odor, costly desalinization,
and corrosion of infrastructures that convey irrigation and
potable water supplies. The Colorado River Basin Salinity
Control Act of June 24, 1974 (Public Law 93-320) authorized
the construction of the Grand Valley Salinity Control Unit
(herein after referred to as the Grand Valley Unit) Salinity Control Project by the U. S. Department of the Interior.
Oversight of the project was delegated to the U.S. Bureau of
Reclamation (USBR). Public Law 93-320 also directed the
Secretary of the U.S. Department of the Interior to cooperate
with the Secretary of U.S. Department of Agriculture in the
implementation of on-farm salinity control work.
The Grand Valley Unit includes approximately
63,000 irrigated acres draining to the Colorado River between
the historical town of Cameo to the east, and the town of Mack
near the Colorado-Utah State line (fig. 1). The U.S. Geological
Survey (USGS) has done extensive studies and research in the
Grand Valley Unit that provide information to aid the USBR
and Natural Resources Conservation Service (NRCS) in
determining where salinity-control work may provide the best
results, and to what extent salinity-control work was effective
in reducing salinity loads in the Colorado River. Butler (1998)
found that salinity concentrations and loads decreased in several washes and arroyos draining to the Colorado River after
several sections of primary canals and laterals in the Grand
Valley Unit were lined or put into pipe. Butler (1996) reported
that a downward trend in salinity load occurred downstream
from the Grand Valley Unit at the USGS streamflow-gaging
station near the Colorado-Utah state line (station SL, fig. 1).
However, Butler (1996) and Bauch and Spahr (1998) documented that salinity loads in the Colorado River at stations
upstream from the Grand Valley Unit were decreasing at similar rates compared to areas downstream from the Grand Valley
Unit. This finding was important because only a small amount
of salinity-control work was being done in areas upstream of
the Grand Valley Unit at the time the findings were reported.
As a result of this finding, the USBR entered into a cooperative agreement with the USGS to investigate salinity trends
in selected areas bracketing the Grand Valley Unit and regions
upstream from the Grand Valley Unit. An assessment of recent
salinity trends is useful to the USBR, and to land managers in general, because additional decreases in salinity from
areas upstream from the Grand Valley Unit could amount to
substantial salinity reduction with time and decrease the need
for future salinity-control projects. The specific objectives of
this study are to:
• report annual streamflow and salinity concentrations
and loads for select stations near the Grand Valley
Unit, and at stations representing regions upstream
from the Grand Valley Unit;

• determine trends in annual salinity loads for stations
near the Grand Valley Unit and at stations representing
regions upstream from the Grand Valley Unit;
• determine trends in annual streamflow, salinity concentrations, and selected ions for selected stations representing regions upstream from the Grand Valley Unit;
• characterize streamflow and salinity trends from 1986
to 2003 and compare the results to findings from previous studies; and
• discuss the possible factors affecting salinity trends
in the Colorado River upstream from the Grand
Valley Unit.

Purpose and Scope
This report presents results of analysis of data for trends
in salinity concentrations, loads, and selected major ions
at selected USGS streamflow-gaging stations (herein after
referred to as stations) near the Grand Valley Unit and at
stations representing four regions upstream from the Grand
Valley Unit (these regions are described in the following
section). The trend results for each station are reported and
are used to identify and evaluate those regions that have had
the largest changes in salinity load. Trends in streamflow are
also discussed.
Annual salinity loads were computed using available data
for water years 1986 through 2003 for six USGS streamflowgaging stations (fig. 1, table 1). Salinity load (often referred to
as ‘total-dissolved solids’ load) at station CAMEO represents
one of two main inflow loads to the Grand Valley Unit. The
other main influx of salinity load to the Grand Valley Unit is
measured at station GUN, which is located near the mouth of
the Gunnison River Basin. Station GUN is included in this
study to aid in calculating the part of the salinity-load trend
that the Grand Valley Unit accounts for at station SL (Grand
Valley Unit part of trend = SL – (CAMEO + GUN)), which
is the outflow site for the Grand Valley Unit. Stations GLEN
and RF are included in this study to represent the part of the
trend in salinity load (if detected) at station CAMEO that can
be apportioned to the headwaters region of the Colorado River
and the Roaring Fork River Basin, respectively. Station ERB
is included in this study to represent the part of the trend in
salinity load (if detected) that can be apportioned to the Eagle
River Basin.
Monotonic trend analyses were done on annual streamflow and salinity concentrations and loads for station
CAMEO. Monotonic trend analyses were done on annual
salinity loads for the remainder of the stations listed in
table 1. Trend analysis was done for water years 1986 through
2003 for all stations. For purposes of consistency, the beginning of the trend analysis time period is the same as that
reported in previous studies by Butler (1996) and Bauch and
Spahr (1998).
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Table 1. U.S. Geological Survey streamflow-gaging stations for which
trend tests were done for water years 1986 through 2003.
[USGS, U.S. Geological Survey; ID, identifier]

USGS
station
number
(fig. 1)

Station
ID
(fig. 1)

Station name

09069000

ERB

Eagle River at Gypsum

09071750

GLEN

Colorado River above Glenwood Springs

09085000

RF

Roaring Fork River at Glenwood Springs

09095500

CAMEO

Colorado River near Cameo

09152500

GUN

Gunnison River near Grand Junction

09163500

SL

Colorado River near Colorado-Utah
State Line

Description of Regions Upstream from the Grand
Valley Salinity Control Unit
Four regions of the Colorado River Basin upstream from
the Grand Valley Unit were delineated for this study so that
potential source areas for salinity could be better quantified
and compared (fig. 2). Each region has unique geology, land
use, and climate that can affect trends in hydrology and salinity concentration loads in the Colorado River. These regions
were selected based on those factors and on streamflow-gaging station location and data availability. The four regions are
the Eagle River Basin (Region 1), the Colorado River headwaters to Glenwood Springs (Region 2), the Roaring Fork River
Basin (Region 3), and the relatively dryer region between
Glenwood Springs and Cameo (Region 4), along the mainstem of the Colorado River (table 2).
Eagle River Basin (Region 1). Region 1 drains approximately 842 square miles (mi2) of varying terrain upstream
from station ERB (table 2, fig. 2). Elevations range from
6,275 feet (ft) at station ERB to 14,005 feet at Mount of the
Holy Cross near the continental divide. Geology in Region 1
is structurally diverse and is composed predominately of sedimentary shales and sandstones of mixed origin, as well as outcrops of older Precambrian rocks at higher elevations. Extensive deposits of gypsum, anhydrite, and halite evaporites also
are present (Chafin and Butler, 2002). The dissolution of these
evaporite deposits contributes to salinity loading in the Eagle,
and ultimately the Colorado, Rivers (Chafin and Butler, 2002).
Climate in Region 1 is semi-arid to temperate, depending on
location, with precipitation ranging from 11 inches per year
(in/yr) near station ERB to 60 in/yr near the alpine headwaters
of the basin (PRISM Group, 2006). The economy of Region 1
is based mostly on agricultural and industrial applications with
a more recent (late 1990’s) transition to tourism, recreation,
and real estate development in the Eagle River valley. The
population in Region 1 (population estimates for Eagle County
were used to represent the Eagle River Basin Region) was

about 23,500 people in 1991, and about 43,000 in 2001 (State
of Colorado, 2005). These estimates indicate that the population in this region has increased by roughly 2,000 individuals per year, or 83 percent from 1991 to 2001. This estimate
does not include estimates for nonresident individuals that
populate this region as part of the tourist industry. The Eagle
River Water Quality Management Plan (Northwest Colorado
Council of Governments, 2002) estimates that the population
of Eagle County increases by as much as 26,000 when nonresidents are included in the population estimates. The number
of individuals in this population demographic also is expected
to increase in the future.
Colorado River headwaters to Glenwood Springs
(Region 2). Region 2 drains approximately 3,600 mi2 of
highly variable terrain upstream from station GLEN excluding the Eagle River Basin (table 2, fig. 2). Elevations range
from 5,780 ft at station GLEN to 14,274 ft at Grays Peak at
the headwaters of the Blue River near the continental divide.
Geology in Region 2 is structurally diverse and is composed
predominately of igneous and metamorphic rocks from the
Precambrian Era, as well as smaller quantities of sedimentary
shales and sandstones of mixed origin at lower elevations.
Evaporite deposits, similar to those present in Region 1, also
are present in Region 2 near the town of Dotsero (Chafin and
Butler, 2002). Climate in Region 2 is semi-arid to temperate,
with precipitation ranging from 12 in/yr near station GLEN
to 70 in/yr near the alpine headwaters of the basin (PRISM
Group, 2006). The economy of Region 2 is based mostly on
agriculture, tourism, recreation, and real estate development.
The combined population in Region 2 (population estimates for Grand and Summit Counties were used to represent Region 2) was about 21,700 people in 1991, and about
36,900 people in 2001 (State of Colorado, 2005). These estimates indicate that the population in this region has increased
by roughly 1,500 individuals per year, or 70 percent from 1991
to 2001. This estimate does not include estimates for nonresident communities that populate this region as part of the
tourist industry. The Blue River Water Quality Management
Plan (Northwest Colorado Council of Governments, 2002)
estimates that the population of Summit and Grand Counties
increases by as much as 100,000 when nonresident individuals are included in the population estimates. The number of
individuals in this population demographic also is expected to
increase in the future.
Roaring Fork River Basin (Region 3). Region 3 drains
approximately 1,450 mi2 of varying terrain at region outflow
station RF (table 2, fig. 2). Elevations range from 5,740 ft at
station RF to 14,265 ft at Castle Peak. Geology in Region 3 is
composed predominately of sedimentary shales and sandstones of mixed origin as well as extensive outcrops of Cambrian-aged volcanic deposits and Precambrian Era igneous
and metamorphic rocks. Evaporite deposits, similar to those
found in Region 1, also are present in Region 3 near the town
of Carbondale (Chafin and Butler, 2002). Climate in Region
3 is semi-arid to temperate with precipitation ranging from
12 in/yr near station RF to 60 in/yr near the alpine headwaters
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Table 2. Defined regions upstream from the Grand Valley Salinity Control Unit.
[USGS, U.S. Geological Survey; ID, identifier]

Region
(fig. 2)

Region number

USGS Station
number at region
outflow

Station name at
region outflow
(station ID)

Eagle River Basin

1

09069000

Eagle River at
Gypsum
(ERB)

Colorado River
headwaters to
Glenwood Springs

2

09071750

Roaring Fork River
Basin

3

Colorado River Basin
between Glenwood
Springs and Cameo

4

Drainage area of
region
(square miles)

Percent area
upstream from Grand
Valley Unit

842

11

Colorado River
above Glenwood
Springs
(GLEN)

3,600

45

09085000

Roaring Fork River
at Glenwood Springs
(RF)

1,450

18

09095500

Colorado River near
Cameo
(CAMEO)

2,050

26

of the basin (PRISM Group, 2006). The economy of Region
3 is based mostly on agriculture, tourism, recreation, and real
estate development. The population in Region 3 (population estimates for Pitkin County and the towns of Carbondale and Basalt were used to represent Region 3) was about
16,800 people in 1991 and about 27,200 people in 2001 (State
of Colorado, 2005). These estimates indicate that the population in this region has increased of roughly 1,040 individuals
per year or 62 percent from 1991–2001. Population estimates
for nonresident communities that populate this region as part
of the tourist industry were not available at the time this report
was written. However, it is assumed that the population of
the area fluctuates, and often is larger than census estimates
because the economy of the region is largely dependent on the
tourist industry.
Colorado River Basin between Glenwood Springs
and Cameo (Region 4). Region 4 drains approximately
2,050 square miles (mi2) of varying terrain between Glenwood Springs and station CAMEO (table 2, fig. 2). Elevations range from 4,810 ft at station CAMEO to 12,061 ft at
the summit of Elk Mountain. Geology in Region 4 is composed predominately of sedimentary shales and sandstones
of marine origin with lesser amounts of Tertiary aged volcanic deposits. Evaporite deposits, similar to those present in
Regions 1 and 3, also are present in Region 4 near the town
of Glenwood Springs (Chafin and Butler, 2002). Several
large hot springs drain saline water from the evaporite formations in the Glenwood Springs area (Warner, 1985). These
hot springs are a popular stop for tourists passing through the
region. Climate in Region 4 is arid to temperate depending on
location, with precipitation ranging from 7 in/yr near station
CAMEO to 50 in/yr near the alpine headwaters of Battlement
Mesa (PRISM Group, 2006). The economy of Region 4 is

based mostly on agriculture, energy development, industry,
and real estate development, with lesser amounts of tourism
and recreation relative to the other regions. The population in
Region 4 (population estimates for Garfield County were used
to represent Region 4) was about 31,200 people in 1991 and
about 45,500 in 2001 (State of Colorado, 2005). These estimates indicate that the population in this region has increased
by roughly 1,430 individuals per year, or 46 percent from 1991
to 2001.

Summary of Previous Studies
Many reports published in recent decades document
downward trends in salinity at streamflow-gaging stations
in the study area. A brief account of some of these reports
follows; however, the reader is encouraged to further examine each reference to fully understand the varying methods
of trend analysis and the interpretations associated with the
results of trend analysis. Information from the reports will be
referred to in subsequent sections of this report for comparison
purposes. All results from previous studies reference “flowadjusted” values as defined in the Study Methods section of
this report.
Several reports have specific information related to salinity trends in one or more of the aforementioned study regions.
A study by Kircher and others (1984) reported downward
trends in salinity load (significance level of 0.05) at station
CAMEO on the order of 240 tons per year (tons/yr) for water
years 1965 to 1979. Liebermann and others (1989) reported a
downward trend in salinity load at station ERB (significance
level of 0.01) of 1,250 tons/yr for water years 1947 to 1983.
They also reported downward trends in salinity concentration
at stations ERB (1947 to 1983), GUN (1934 to 1965), and SL
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(1962 to 1983) of 2.1, 2.8, and 4.8 milligrams per liter (mg/L)
per year, respectively. No significant trends in streamflow
were reported by Liebermann and others (1989) at any of the
stations that had downward trends in salinity load or concentration, indicating that changes to salinity sources, rather than
streamflow volume, were controlling decreases in salinity
load. Methods used by Liebermann are the same as those used
for salinity load calculations and trend analysis in this report.
Butler (1996) performed trend analysis for stations CAMEO,
GUN, and SL for three periods: water-years 1970 to 1993,
1980 to 1993, and 1986 to 1993. He did not test for trends at
any stations upstream from station CAMEO. Large downward
trends in salinity load (significance level of 0.01) at stations
CAMEO and SL were detected on the order of 41,000 and
62,300 tons/yr, respectively, from 1986 to 1993. The trend
in salinity load at station CAMEO was not significant from
1970 to 1993, indicating that salinity loads upstream from the
Grand Valley Unit may have started decreasing in the later
part of the 1980’s. Butler (1996) also reported sizable downward trends in salinity concentration at stations CAMEO and
SL on the order of 14.3 and 12.5 mg/L per year, respectively,
from 1986 to 1993. Bauch and Spahr (1998) compared trend
results from Butler (1996) to stations upstream from station
CAMEO for the same periods. Downward trends in salinity
load were detected at stations ERB, GLEN, and RF. Station
ERB had significant downward trends from 1970 to 1993 and
from 1986 to 1993. From 1970 to 1993, the rate of decrease
was 842 tons/yr. From 1986 to 1993, the rate of decrease was
3,330 tons/yr, which suggests that trends in salinity loads in
the Eagle River decreased most rapidly in the late 1980’s and
early 1990’s. Station GLEN had a significant downward trend
from 1986 to 1993 on the order of 9,350 tons/yr. Station RF
also had only one time period from 1970 to 1993 when there
was a significant downward trend, which was 800 tons/yr.
Methods used by Butler (1996) and Bauch and Spahr (1998)
are the same as those used for salinity load calculations and
trend analysis in this report.
Downward trends reported by Bauch and Spahr (1998)
at locations upstream from station CAMEO accounted for
approximately 23 percent of the annual decrease observed
by Butler (1996) at station CAMEO from 1986 to 1993.
Of that 23 percent, Region 1 accounted for about 8 percent
and Region 2 accounted for about 15 percent, and Region 3
accounted for 0 percent (no trend detected) of the decrease.
Approximately 77 percent of the decrease reported by Butler
(1996) at station CAMEO occurred within Region 4. Apportioning the rate of trend to square miles of watershed for
each of the four regions studied in this report indicates that
Region 1 had a downward trend equal to 3.9 tons/year/square
mile (tons/yr/mi2), Region 2 had a downward trend equal to
1.7 tons/yr/mi2, and Region 4 had a downward trend equal to
15.4 tons/yr/mi2.

Study Methods
The primary source of data for streamflow, specific conductance (SC), and salinity concentration values used in these
analyses was the USGS National Water Information System
(NWIS, URL: http://waterdata.usgs.gov/nwis). Salinity load
data published by the USBR (U.S. Department of the Interior, 2003) for the Colorado River above Glenwood Springs,
Colorado station (station GLEN) also were used. These loads
originally were calculated from salinity concentration and
streamflow data from NWIS.
Variables discussed in this report include mean-annual
streamflow and flow-adjusted salinity concentrations and
loads. Mean-annual values for streamflow or salinity concentrations and loads represent an average of annual values. Salinity loads and trends in annual salinity loads were computed for
six sites (table 1). Trends in streamflow and salinity concentration were computed for station CAMEO. The time period used
for all trend analysis was 1986 through 2003. The Statistical
Analysis System (SAS) (SAS Institute, Inc., 1999) was used
for all computations and trend tests.
As a first step in estimating annual salinity loads and
conducting trend analysis, daily streamflow, daily SC, and
periodic water-quality data were retrieved from NWIS for
each site. Periodic water-quality data included concentrations
of eight major ions (calcium, magnesium, sodium, potassium,
silica, chloride, sulfate, and carbonate/bicarbonate expressed
as carbonate equivalent) and dissolved solids (salinity) concentrations, either as residue on evaporation at 180º Celsius
(ROE) or sum of constituents (SOC). SOC is calculated in
NWIS and consists of the major ions plus other dissolved
constituents, such as nutrients and trace elements if they are
present in large enough quantities in the water. In subsequent
steps, the preference order for salinity concentration in this
report was SOC > ROE, as recommended by Liebermann and
others (1987). Quality assurance of all daily streamflow, daily
SC, and water-quality data was done using USGS approved
methods for data evaluation (Hem, 1970; Rantz and others,
1982; U.S. Geological Survey, 1997-present; Wagner and
others 2000). The evaluation process includes automated and
manual statistical evaluations by multiple reviewers.
Salinity loads were estimated using the computer program SLOAD (Salt LOAD; Liebermann and others, 1987).
In SLOAD, regression equations were developed to estimate
daily salinity loads as a function of daily streamflow, and, if
available, daily SC. Each regression equation was based on
3 years of data. Daily salinity loads were estimated for the
middle year of the 3-year period. Incremental 3-year groups
of data were used to compute daily loads for each year in the
period of analysis (1986–2003). For example, daily loads for
1986 were computed using data from 1985 through 1987.
Therefore, for this report, the period used in SLOAD to
compute salinity concentrations and loads from 1986 through
2003 was 1985 through 2004. The daily loads were summed
by month and then water year to determine annual salinity
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loads by water year. Daily streamflow data also were used to
determine annual flow volume and mean-annual streamflow
by water year. The annual loads and flow volumes were used
to compute mean-annual salinity concentrations.
For station RF, SOC and ROE data were not available
for all periodic samples during the 1985 through 2004 period;
however, SC data were available for samples throughout the
entire period. Using the SC and SOC data for 1969 through
2004 (time period after major reservoir completion), a regression equation was established relating the two variables. For
days in 1985 through 2004 without SOC data, the SOC was
calculated for that date by applying the periodic sample SC
data to the regression equation. The retrieved and calculated
SOC data were then used in SLOAD.
For station ERB, daily streamflow from the Eagle
River below Gypsum streamflow gage (09070000) was used
because no daily streamflow record is available for station
ERB. The 09070000 streamflow gage is located approximately
450 feet downstream from station ERB. Gypsum Creek flows
into the Eagle River between station ERB and the 09070000
streamflow gage. Measured streamflow from Gypsum Creek
is subtracted out of the instantaneous streamflow measured
at the 09070000 streamflow gage to correct for differences
in streamflow reported for discrete samples. No correction
for daily streamflow is made because there is no continuous
streamflow-gaging station on Gypsum Creek.
Salinity concentration typically is correlated with
streamflow; as streamflow increases, concentrations typically
decrease because of dilution. With this correlation, trends in
concentrations and loads because of natural or human factors
may be masked by variability in streamflow between water
years. To remove the effects of streamflow variability, salinity concentrations and loads were adjusted for streamflow
before trends testing. Annual salinity loads were adjusted for
streamflow using hyperbolic regression models (Smith and
others, 1982). The residuals of these regression estimates are
the annual flow-adjusted salinity loads. Salinity concentrations
in period samples were adjusted by regression of the logarithm
of concentration on (or with) the logarithm of streamflow and
the square of the logarithm of streamflow. The residuals of
these regression estimates are the annual flow-adjusted salinity
concentrations (Smith and others, 1982; Liebermann and others, 1989; Schertz and others, 1991).
The annual flow-adjusted salinity concentrations were
tested for trends using a computerized procedure developed
by the USGS called EStimate TREND (ESTREND) (Schertz
and others, 1991). ESTREND was used to detect trends in
flow-adjusted salinity concentration because it is designed to
investigate trends in water-quality that have non-normal distributions, seasonality, and outliers. A nonparametric test called
the Seasonal Kendall test (Hirsch and others, 1991) is used
in ESTREND to test for monotonic trends. This type of trend
indicates whether or not there has been a change in a waterquality variable of interest with time but does not specify if a
change is linear. The Seasonal Kendall test’s null hypothesis
is that there is no trend with time. The seasonal effects of

variations in concentration data are addressed by computing
the Mann-Kendall test statistics on concentrations measured
during the same seasons, or time periods, and summing all
results to determine the overall Kendall tau value. Salinity
concentrations measured in March to May of one year, for
example, would be compared only to concentrations measured
in March to May of other years. Similarly, concentration data
for July of one year would be compared to July data of other
years. The number of seasons chosen for analysis does not
necessarily correspond to climatic seasons but is based more
on the temporal distribution of the data. For a season with
more than one observation, the most central observation with
respect to time for that season is used (Schertz and others,
1991). In this study, four seasons per year were used for trend
analysis of salinity concentrations.
The seasonal Kendall tau value measures the strength of
the monotonic relation between two variables. A tau value of
zero indicates no trend. As the absolute value of tau increases,
it is more likely that a trend is present. The p-value and trend
slope are computed as part of the seasonal Kendall test. The
p values are adjusted for serial correlation, because successive residuals in a time series are not entirely independent of
one another. The trend slope, computed using methods of Sen
(1968), equals the median slope of all pair-wise comparisons
of concentration data (the difference between two concentration values divided by the time in years) between the two
values. As such, trend slopes computed using the seasonal
Kendall test are not directly comparable among stations
(Butler, 1996). The trend slope is reported as the change in
original units per year and as a percent of mean concentration (slope in original units divided by the mean times 100).
For log-transformed data, such as the flow-adjusted salinity
concentrations in this report, the slope in original units is
computed using the expression ‘eb minus 1’ times the mean
concentration. The coefficient b is the seasonal Kendall slope
estimate in natural logarithm units. The percent rate of change
for log-transformed data is computed using the expression
‘eb minus 1’ times 100.
Annual flow-adjusted salinity loads were tested for
trends using linear-regression, a parametric method involving
the regression of the loads on (or with) time. This method was
chosen for purposes of maintaining consistency and comparability to previous salinity trends reports and also because the
total change in tons can be reported and compared. Originally,
the method was chosen by Butler (1996) because parametric
statistics can be more powerful and straightforward to interpret
if the residuals are normally distributed (Hirsch and others,
1991). Butler (1996) also reported that slopes calculated using
the seasonal Kendall test are not that informative for making direct comparisons between stations, especially for slope
estimators for log-transformed data. No comparisons between
slope trends for annual flow-adjusted salinity concentration
are made in this report; however, slope trends for annual flowadjusted salinity load are compared and so the linear regression method was used.
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The null hypothesis of the trend test is that there is no
change in annual flow-adjusted salinity load with time. An
upward trend is indicated by a statistically significant positive
slope, and a downward trend is indicated by a statistically significant negative slope. The p value, the attained significance
level of the test, was computed with each analysis. The p-value
is a measure of statistical significance of the probability of
rejecting the null hypothesis. Smaller p-values indicate that
there is an increased probability that a trend is present. For
this report, trends were considered statistically significant at
p values of 0.05 or less.
The adjustment of salinity concentrations and loads for
seasonal effects of streamflow may not remove all seasonality.
To account for this and as an additional measure for understanding trends in salinity loads and concentrations at station
CAMEO, trend analysis of annual streamflow was conducted
for this site using linear regression. No adjustments to the
streamflow data were made before the trend analysis.
As an additional step in interpreting results of the trends
testing, LOWESS (LOcally WEighted Scatterplot Smoothing)
(Cleveland, 1979) lines were graphed. The LOWESS technique is a robust procedure that uses weighting functions with
least squares regression to minimize the effect of data outliers
in fitting a smooth line to the data. A LOWESS smooth line
provides information on short-term changes in water-quality
data, and may be highly nonlinear because of the procedures
used to develop the line. For each application of LOWESS, a
smoothing factor of 0.5 was used.
Additional descriptions of methods used for load computations, flow adjustment, and trend analysis are available
in Vaill and Butler (1999), Butler (1996), and Schertz and
others (1991).

Annual Streamflow, Salinity Load, and
Salinity Concentration, 1986–2003
Streamflow
Typically, streamflow volumes in the Colorado and Gunnison Rivers are highest in the spring when snowmelt occurs,
and lowest when baseflow conditions exist in the winter.
Commonly, however, some streamflow is stored or diverted
for agricultural, industrial, and residential needs, which alters
the natural cycle of snowmelt and rainfall runoff. Thus, annual
streamflow volumes at each station do not necessarily reflect
those that existed before human development.
Annual streamflow volumes at the six stations ranged
from about 184,000 acre feet (acre-ft) at station ERB in 2002
to about 7.5 million acre-ft at station SL in 1986 (table 3).
Streamflow volumes tended to be smaller at the end of the
1986 to 2003 period (fig. 3). This is because of above average
snowpack in the early to mid 1980’s, and drought conditions

in the late 1990’s and early 2000’s. Data for the period 1986 to
2003 begin one year after the wettest period on record (highest
annual-mean streamflow at station CAMEO of 7,605 ft3/s during water year 1984) in the Colorado River Basin and end with
one of the driest periods ever recorded (lowest annual-mean
streamflow at station CAMEO of 1,751 ft3/s, water year 2002,
USGS) (U.S. Geological Survey, 2002).
Mean-annual streamflow volumes for each region ranged
from 0.32 million acre-ft from Region 4 to about 1.05 million
acre-ft from Region 2 for the 1986 to 2003 period. Regions
1 and 3 yield 0.39 and 0.83 million acre-ft/yr of streamflow,
respectively. Mean-annual streamflow volumes calculated
for Regions 2 and 4 accounted for the inflow volumes from
upstream regions. For example, Region 4 was calculated by
subtracting the mean-annual streamflow volume from Regions
1, 2, and 3 from the mean annual streamflow volume at station
CAMEO (this is equivalent to subtracting the mean-annual
streamflow volumes from stations GLEN and RF). All four
regions combine to account for approximately 60 percent
of the mean-annual streamflow at station SL, with Region 2
alone accounting for the highest percentage at approximately
24 percent.

Salinity Load
Salinity load is a function of the combined properties of
streamflow and salinity concentration. Thus as streamflow and
concentrations vary, so does salinity load. Although salinity
loads in the Colorado and Gunnison Rivers tend to be highest
during high streamflow, a large part of the annual load occurs
during baseflow. This is primarily because of ground-water
return flows that drain irrigated areas with soils that are high
in salinity. Irrigation return flows generally have a higher
salinity concentration than the applied water because of the
effect of salt dissolution in the soil and subsurface materials,
and the concentrating effect of evapotranspiration (Vaill and
Butler, 1999).
Variation in annual salinity load among stations ranged
from about 100,000 tons/yr at station ERB in 2002 to more
than 4.4 million tons/yr at station SL in 1986 (table 3). Annual
salinity loads tended to be lower at the end of the 1986 to
2003 period, following the similar pattern in streamflow.
Regional estimates were calculated using the station information to indicate the flux of salinity load in each region.
Mean-annual salinity loads for Regions 2 and 4 (fig. 2)
were calculated by subtracting incoming salinity loads from
upstream regions from the outgoing salinity loads. Therefore, just the salinity picked up in an individual region is
reported. Mean-annual salinity loads from each region ranged
from about 140,000 tons/yr from Region 1 (station ERB)
to 572,000 tons/yr from Region 4 (station CAMEO minus
stations GLEN and RF) from 1986 through 2003. Regions 3
(station RF) and 2 (station GLEN minus station ERB) yielded
270,000 and 387,000 tons/yr, respectively. All four regions
combined accounted for approximately 47 percent of the total
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586,000
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413,000
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1987

1988
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1991
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1993
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1998

1999
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2001

2002

2003

Mean

Standard
Deviation

Streamflow

1986

Year

55

277

227

400

273

254

258

302

213

221

194

322

203

322

268

333

317

315

316

253

Concentration

09069000 (ERB)

21,000

140,000

115,000

100,000

120,000

130,000

145,000

155,000

167,000

161,000

154,000

130,000

151,000

141,000

132,000

121,000

127,000

131,000

147,000

184,000

Load

311

402

326

277

254

271

205

210

222

303

242

308

290

333

315

303

295

234

Concentration

449,000

1,437,000

50

283

Summary Statistics

1,065,000

697,000

1,050,000

1,402,000

1,606,000

1,553,000
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2,029,000
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1,156,000

1,760,000
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1,250,000

1,032,000

1,109,000

1,352,000

1,311,000

2,235,000

Streamflow

09071750 (GLEN)
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527,000

451,000

381,000

466,000

529,000

555,000
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651,000

579,000

546,000

476,000

578,000

467,000

493,000

468,000

475,000

557,000

527,000

710,000

Load

USGS streamflow-gaging stations

288,000

831,000

614,000

406,000

611,000

709,000

876,000

995,000

1,220,000

1,060,000

1,430,000

692,000

1,110,000

587,000

742,000

526,000

602,000

624,000

913,000

1,240,000

Streamflow

39

251

250

334

268

255

232

229

203

223

175

270

200

286

250

293

285

291

252

223

Concentration

09085000 (RF)

54,000

270,000

209,000

185,000

223,000

246,000

277,000

310,000

337,000

321,000

340,000

254,000

303,000

228,000

253,000

210,000

234,000

247,000

313,000

375,000

Load

[USGS, U.S. Geological Survey; Streamflow, streamflow in acre feet per year; Concentration, salinity concentration in milligrams per liter; Load, salinity load in tons per year; ERB, Eagle River at Gypsum,
Colorado; GLEN, Colorado River above Glenwood Springs, Colorado; RF, Roaring Fork River at Glenwood Springs, Colorado.]

Table 3. Summary of annual streamflow data, and salinity data estimated by SLOAD program for each streamflow-gaging station.
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3,062,000

2,767,000

2,332,000

1,939,000
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1995
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Mean

888,000

2,596,000

1987

Standard
Deviation

4,156,000

Streamflow

1986

Year

75

411

415

573

448

397

374

383

299

317

299

457

325

467

412

493

486

461

433

352

Concentration

09095500 (CAMEO)

250,000

1,369,000

1,083,000

988,000

1,181,000

1,258,000

1,407,000

1,597,000

1,688,000

1,494,000

1,568,000

1,288,000

1,493,000

1,186,000

1,218,000

1,101,000

1,230,000

1,349,000

1,530,000

1,990,000

Load

618

662

548

474

526

396

341

425

319

524

374

558

543

823

714

557

448

368

Concentration

781,000

1,761,000

135

512

Summary Statistics

860,000

805,000

1,171,000

1,466,000

1,693,000

2,093,000

2,817,000

2,013,000

3,222,000

1,484,000

2,697,000

1,529,000

1,442,000

766,000

904,000

1,375,000

2,477,000

2,892,000

Streamflow

09152500 (GUN)

241,000

1,103,000

724,000

725,000

872,000

944,000

1,211,000

1,127,000

1,307,000

1,164,000

1,398,000

1,058,000

1,371,000

1,160,000

1,064,000

857,000

878,000

1,041,000

1,511,000

1,449,000

Load

USGS streamflow-gaging stations

1,792,000

4,320,000

2,633,000

1,750,000

2,799,000

3,499,000

4,357,000

5,348,000

7,114,000

5,559,000

7,079,000

3,353,000

6,147,000

3,327,000

3,508,000

2,242,000

2,813,000

3,510,000

5,206,000

7,512,000

Streamflow

124

536

595

729

582

498

499

428

362

417

359

577

405

596

570

760

723

611

507

428

Concentration

09163500 (SL)

636,000

2,890,000

2,131,000

1,734,000

2,216,000

2,370,000

2,959,000

3,110,000

3,499,000

3,152,000

3,457,000

2,629,000

3,389,000

2,696,000

2,718,000

2,317,000

2,766,000

2,918,000

3,592,000

4,372,000

Load

[USGS, U.S. Geological Survey; Streamflow, streamflow in acre feet per year; Concentration, salinity concentration in milligrams per liter; Load, salinity load in tons per year; ERB, Eagle River at Gypsum,
Colorado; GLEN, Colorado River above Glenwood Springs, Colorado; RF, Roaring Fork River at Glenwood Springs, Colorado.]

Table 3. Summary of annual streamflow data, and salinity data estimated by SLOAD program for each streamflow-gaging station.—Continued
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where
L

4,000
3,500
3,000

Q

2,500
2,000

k

1,500
1,000

C

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

1988

1987

500
0

is the mean-annual salinity load, in tons per
year, at the outflow site for the region of
interest (defined in the following section)
minus the mean-annual salinity load from
upstream regions;
is the mean-annual streamflow volume,
in acre feet, at the outflow site for the
region of interest minus the mean-annual
streamflow volume from upstream regions;
is the constant (0.00136) used to convert units
into milligrams per liter;

and

1986

ANNUAL STREAMFLOW VOLUME IN THOUSANDS
OF ACRE FEET

4,500

Figure 3. Annual streamflow volume at U.S. Geological Survey
streamflow-gaging station 09095500, Colorado River at Cameo (CAMEO),
for water years 1986 through 2003.

salinity load at station SL, with the highest loading region
(Region 4) accounting for approximately 20 percent.

Salinity Concentration
Salinity concentrations generally are highest during low
streamflow, which typically occurs in winter. Like streamflow,
the natural cycle of salinity concentration in the Colorado and
Gunnison Rivers has been altered by human activities such as
agriculture, industry, and residential development. As a result,
the correlation of salinity to streamflow is more complex
because the timing at which salinity is mobilized to streams is
altered from the natural cycle. This shift in timing can negatively affect salinity concentrations estimated by SLOAD.
To account for these complexities, continuous SC data are
collected as a surrogate for salinity. Continuous SC data were
used to estimate salinity concentrations and loads for all stations except station ERB after 1995.
Annual-mean salinity concentrations at the six stations
ranged from 175 mg/L at station RF in 1995 to 823 mg/L
in 1990 (table 3) at station GUN. Mean-annual salinity
concentrations at the four stations near the outflow of each
region (table 2, fig. 2) ranged from 251 mg/L at station RF
to 411 mg/L at station CAMEO from 1986 through 2003.
Stations ERB and GLEN had concentrations of 277 and
283 mg/L, respectively. An analysis of concentration by region
indicates the degree to which concentrations in Regions 2 and
4 are affected by upstream regions. The mean-annual salinity
concentration in runoff from Regions 2 and 4 was calculated
using the following equation:
C = L/(Q*k),

(1)

is the calculated mean-annual salinity
concentration, in milligrams per liter, for
the region of interest.
The calculated values indicate that mean annual salinity
concentration was 287 mg/L in Region 2 and 1,620 mg/L in
Region 4. Because the mean-annual concentrations at stations GLEN and ERB are approximately the same, there is
only a small increase in the mean annual concentration in
Region 2 relative to the mean annual concentration of 283
mg/L at station GLEN. The calculated mean annual concentration for Region 4; however, is substantially greater than that
of station CAMEO (411 mg/L) indicating that dilution from
the Regions 1, 2, and 3 plays an important role in controlling
salinity concentration upstream from the Grand Valley Unit.

Salinity Trends in the Upper Colorado
River Basin Upstream from the Grand
Valley Salinity Control Unit
As previously mentioned, historical studies show downward trends in salinity concentrations and loads upstream from
the Grand Valley Unit. In previous studies it was determined
that the highest rate of decrease occurred from 1986 through
1993. The 1986 to 2003 period was tested in this report to
determine if the trends reported in the previous study are still
“in effect” and if the rate of change is changing. The results of
trend testing are provided in this section and the factors potentially affecting trends in annual salinity loads in the Colorado
River upstream from the Grand Valley Unit are discussed in
subsequent sections.

Temporal Trends in Annual Flow-Adjusted
Salinity Loads by Region
Trends in annual flow-adjusted salinity load were tested
for the six streamflow-gaging stations from 1986 through
2003. The results for each station are shown in table 4. The
trend-slope value from table 4 indicates the average rate (tons
per year) that salinity load is changing annually (a downward
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trend is preceded by a minus sign). Listed in table 4 is the
trend slope as a percent of mean annual load and as a percent
of the trend slopes at stations SL and CAMEO to facilitate
comparing the contributions from areas upstream from a given
station or region. Regional estimates of trend slope were calculated for Regions 2 and 4 by subtracting trend slopes from
upstream basins (Region 2 minus Region 1; Region 4 minus
Regions 2 and 3).
Trend slopes at all six stations were downward and
significant at or below the 5 percent level (p value of less
than or equal to 0.05 from table 4) from 1986 through 2003.
The trend analysis indicates that approximately 27 percent
of the decrease in salinity at station SL is a consequence of
reductions in salinity upstream from the Grand Valley Unit
(station CAMEO). This percentage is comparable to the
28 percent decrease from the Gunnison River Basin (station
GUN), where salinity control projects have been implemented
by the NRCS and the USBR. For the 1986 to 1993 period,
Butler (1996) reported no trend for station GUN and a much
larger trend slope (-41,000 tons/yr) at station CAMEO, which
is equal to about 66 percent of the decrease observed at station
SL (table 4). These results indicate that the rate of trend had
changed after 1993 at stations GUN, CAMEO, and SL.
To aid in the interpretation of the temporal trends at
each station, the data were examined graphically, using the
LOWESS smoothing technique. A LOWESS line was fitted
to the annual flow-adjusted salinity load estimates (residuals)
from SLOAD for the period of 1986–2003 for each station on
figure 4. The residuals represent the annual departure (positive or negative) for the flow-adjusted annual salinity load
estimates. A residual of zero would indicate that the annual
flow-adjusted salinity load matches the annual salinity load
estimate from SLOAD for a given year, a positive residual is
more than what was expected, and a negative residual is less.
The LOWESS plots for all six stations show that annual flowadjusted salinity loads were highest at the beginning of the test
period, decreased until about 1995 to 1997, and then began to
level off. Butler (1996) reported moderate increases in salinity
load during wetter periods despite flow adjustment; therefore,
one would expect that the annual flow-adjusted salinity loads
might increase during the mid 1990’s (wettest period) and
decrease during the early 2000’s (driest period). However,
based on the LOWESS lines in figure 4, flow adjusted salinity
loads at the majority of sites decreased in the early 1990’s
and were relatively stable in the mid to late 1990’s and early
2000’s. These results indicate that the factors affecting salinity loads on a regional scale were not limited to climate from
1986 through 2003.
Trend slopes for each region were different from 1986
through 1993 and 1986 through 2003. Region 1 had trend
slopes of -3,330 tons/yr and -1,230 tons/yr from 1986 through
1993 and 1986 through 2003, respectively. From 1986 through
1993, a slightly higher percentage of the trend slope at stations SL relative to 1986 through 2003 was accounted for.
Region 2 had trend slopes of -6,020 and -940 tons/yr from
1986 through 1993 and 1986 through 2003, respectively. From

1986 through 1993, a higher percentage of the trend slope at
station CAMEO and a much higher portion of the slope at SL
relative to the 1986 through 2003 period were accounted for.
These differences indicate salinity loads from Regions 1 and 2
were decreasing at a slower rate from 1993 through 2003 than
during the 1986 to 1993 period. Thus, the factors affecting
salinity trends in Regions 1 and 2 are changing or no longer
exist. Overall, contributions to the trend in salinity load at SL
were similar from Regions 1 and 2 for both periods. There
was not a significant trend in annual flow-adjusted salinity
load in Region 3 from 1986 to 1993, therefore the trend slope
is assumed to equal zero for that period. There was, however, a significant trend in annual flow-adjusted salinity load
from 1986 through 2003 in Region 3, and the trend slope was
-1,580 tons/yr. Region 4 had trend slopes of -31,650 tons/yr
(assuming the trend slope at station RF is zero for the 1986 to
1993 period) and -6,950 tons/yr from 1986 through 1993 and
1986 through 2003, respectively. The trend slope from 1986
through 1993 was considerably steeper than the trend slope
from 1986 through 2003, indicating that the trend in salinity in
Region 4 was decreasing at a slower rate from 1993 through
2003 relative to 1986 through 1993.
The 1986 to 1993 period may have had an artificially
inflated slope value in Region 4 due to the fact that no trend
was detected in Region 3. The failure to detect a trend in
Region 3 by Bauch and Spahr (1998) does not necessarily
mean that a downward trend did not exist, but rather that a
trend was not detected. If a downward trend did exist but was
not detected it would cause any portion of the downward trend
at station CAMEO that was undetected from Region 3 to be
attributed to Region 4. The methods used to estimate annual
salinity loads for this report differed somewhat from those
used by Bauch and Spahr (1998), in that SOC values used
for the SLOAD computations were estimated using a regression of daily SC on SOC (see methods section). Bauch and
Spahr (1998) used periodic data from STORET to estimate
annual loads in SLOAD. A trend analysis was done from 1986
through 1993 for the data used in this report because there
appears to be a trend in the flow adjusted loads at station RF
as shown in figure 4. The trend analysis from 1986 through
1993 flow adjusted loads (not listed in table 4) was done using
linear regression as a means to determine what, if any, portion
of a trend in Region 4 needed to be attributed to Region 3. The
results indicated a significant trend (p <.05) and that approximately 15 percent of the trend slope in annual flow-adjusted
salinity load at Region 4 should be attributed to Region 3
from 1986 through 1993. Despite this, the percent of trend
slope accounted for by Region 4 at stations CAMEO and SL
was roughly twice that of the other three regions combined.
These results indicate that Region 4 plays a substantial role
in controlling salinity trends upstream from the Grand Valley
Unit. The results published by Bauch and Spahr (1998) were
used for comparison purposes in this report because there is
no strong evidence to reject their analysis. The reader, however, should note that there may have been a downward trend
in annual flow-adjusted salinity load from Region 3, which
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Table 4. Monotonic trends in annual flow-adjusted salinity load for streamflow-gaging stations and regions upstream from the Grand Valley
Salinity Control Unit, for various periods.
[ID, Identifier; Trend slope, the rate that salinity load is changing in tons per year–negative value indicates a downward trend; percent, the trend slope
expressed as percent of the mean-annual load; p value, probability of erroneously reporting an existing trend; Total change for period, total decrease in salinity load in tons for given period; NA, not applicable; NT, not trend; <, less than]

Station ID
(fig. 1)

Region
(fig. 2)

Average
trend slope
(tons/yr)

Percent

p value

Percent of trend
slope at station
SL

Percent of trend
slope at station
CAMEO

Total change
for period
(tons)

1986–2003
ERB

Region 1

-1,230

-0.88

0.011

3.1

11

-22,100

-2,170

-.41

.05

5.5

20

-39,100

-1,580

-.58

.013

4.0

15

-28,400

CAMEO

-10,700

-.78

.009

27

100

-192,600

GUN

-11,200

-1.01

<.001

28

NA

-201,600

SL

-39,800

-1.38

<.001

100

NA

-716,400

Region 21

-940

-.24

9.0

-16,900

Region 4

-6,950

-2.5

NA

17

65

-125,100

-17,900

-4.3

NA

45

NA

-322,200

8.1

-26,640

GLEN
RF

Region 3

1

Grand Valley Unit1

NA

2.4

1986–1993 Data from Bauch and Spahr (1998)
ERB

Region 1

GLEN
RF

Region 3

-3,330

-2.35

.028

5.3

-9,350

-1.77

.022

15

23

NT

NT

.842

NA

NA

-74,800
NA

1986–1993 Data from Butler (1996)
CAMEO

-41,000

-2.95

<.001

65

NT

NT

.413

NA

-62,300

-2.02

.003

Region 21

-6,020

-1.51

NA

Region 41

-31,650

-5.18

NA

Grand Valley Unit1

-21,300

-.69

NA

GUN
SL

100

-328,000

NA

NA

NA

-498,400

15

-48,160

51

77

-253,200

34

NA

-170,400

100
9.7

Calculated value, no trend analysis.

1

would have affected the magnitude of the calculated trend
slope for Region 4 from 1986 through 1993.
The total change in flow-adjusted salinity load from
1986 through 1993 and 1986 through 2003 are presented
in table 4. The data indicate that regions 1, 2, and 4 had a
larger total decrease from 1986 through 1993 than from 1986
through 2003 meaning that some of the decreases in salinity load realized from 1986 through 1993 may have been
offset by increases in salinity load after 1993. Station GUN
and the Grand Valley Unit, however, both showed that the
total change in flow-adjusted salinity load was larger from
1986 through 2003 (fig. 4), meaning salinity loads from these
areas continued to decline and were not offset by increases in
salinity load after 1993 to the degree that other regions were.

The Gunnison River Basin and the Grand Valley Unit had a
substantial effect on the downward trend in salinity at station
SL from 1986 through 2003. The combined total decrease
in salinity load from the Gunnison River Basin (measured at
station GUN) and the Grand Valley Unit (calculated as station
SL minus stations CAMEO and GUN) was approximately
524,000 tons from 1986 through 2003. This was likely due in
part to the ongoing and extensive amount of salinity control
work done by the USBR and NRCS in agricultural areas in
the Lower Gunnison and Grand Valley Salinity Control Units
(fig. 1). Extensive salinity control work began in the Grand
Valley in the early 1980’s and in the late 1980’s in the Lower
Gunnison Unit.
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Figure 4. LOWESS smooth curves of flow-adjusted salinity load at streamflow-gaging stations for water years 1986 through 2003.
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The period of record may be affecting the results of
trend analysis due to the parametric nature of linear regression. Because the trend slopes at all sites deviate from a linear
distribution to some degree, the total decrease in salinity
load from 1986 through 2003 (table 4) will have an increased
margin of error associated with it and should not be used to
forecast future decreases in salinity loads. The linear method
of analysis for salinity loads was used in this report so that the
current results could be compared to those of previous studies in an attempt to demonstrate the relative change in trend
slopes during the initial 1986 to 1993 period and the extended
period from 1986 to 2003.

60 percent of the halite that occurs as salinity in the Colorado
River at station CAMEO is sourced from the Eagle Valley Evaporite Formation, which is situated predominately
in Regions 1, 2 and 3. If the downward trend was caused by
changes that occurred to the Eagle Valley Evaporite in Regions
1, 2, and 3, it is unlikely that the constituents that comprise
gypsum would have a downward trend and the constituents
that comprise halite would not. Therefore, the downward trend
in gypsum was most likely caused by changes in gypsum
sources that originate from the Mancos Shale and Green River
Formations in Region 4.

Temporal Trends in Salinity Concentrations,
Selected Individual Ion Concentrations,
and Streamflow at U.S. Geological Survey
Streamflow-Gaging Station CAMEO

Factors Potentially Affecting Trends in
Annual Salinity Loads in the Colorado
River Upstream from the Grand Valley
Salinity Control Unit

Trends in salinity concentration and streamflow were
tested at station CAMEO, the outflow site for Region 4, to
determine if salinity concentration, streamflow, or both are
controlling salinity loads upstream from the Grand Valley Unit
(table 5). For example, downward trends in salinity concentration may indicate source changes, including changes caused
by salinity control work, whereas downward trends in streamflow may indicate changes in transbasin diversions, reservoir
storage, or climatic fluctuations. Test of trends in concentration of individual ions were included as potential indicators of
what sources (based on mineral composition) may be controlling trends in the upper Colorado.
No significant trend in streamflow from 1986 through
2003 was detected at station CAMEO; however, a significant
downward trend in salinity concentration was detected. The
trend slope indicates that salinity concentration is decreasing
at a median rate of about 3.54 milligrams per liter per year
(mg/L/yr). These findings indicate that decreasing salinity
concentration is controlling the downward trend in salinity
load upstream from the Grand Valley Unit at station CAMEO.
Five major ions (calcium, magnesium, sodium, sulfate, and
chloride) were tested for trends. The results indicate that processes within source areas with rock and soil types (or other
unidentified sources) bearing calcium, sulfate, and magnesium
had the largest effect on the downward trend upstream from
station CAMEO. Rock and soil types that may be associated
with these ions are prolific and not limited spatially to any
specific region upstream from station CAMEO. Gypsum (calcium sulfate) and halite (sodium chloride), which are locally
associated with the Mancos Shale, Green River, and Eagle Valley Evaporite Formations, occur in all four regions. Dolomite
(calcium magnesium carbonate), which is locally associated
with the Dyer and Manitou Dolomite Formations, occurs
in Region 4 near Glenwood Springs. Downward trends in
salinity concentration appear to be caused by changes occurring in Region 4 based on the trend analysis of the individual
ions. Chafin and Butler (2002) reported that approximately

Several possible explanations for decreases in salinity
concentrations and loads upstream from the Grand Valley
Unit have been documented in previous studies. Most notable
is a study by Bauch and Spahr (1998), who suggest that the
observed trends may be the result of one or more factors
including channel evolution, decreasing salinity load from
ground-water sources, and land-use changes. While it is hard
to pinpoint the exact factor or combination of factors affecting
decreases in salinity loads, an effort is made in this section to
determine the most likely explanation.

Table 5. Monotonic trends in annual streamflow and flow-adjusted
salinity and selected major ion concentrations, for streamflow-gaging
station Cameo 09095500 (CAMEO), water years 1986 through 2003.
[ft3/s, cubic feet per second; mg/L/yr, milligrams per liter per year; NT, no
trend; p value, probability of erroneously reporting an existing trend; percent, the trend slope expressed as percent of the median-annual concentration; Trend slope, the rate that streamflow (average) or annual flow adjusted
salinity concentration (median) is changing per unit per year; <, less than]

Variable
tested
Streamflow

Streamflow, annual flow-adjusted salinity
concentration, and major ions
Trend slope
( ft3/s or mg/L/yr)
-24.8

Percent
-1.05

p value
0.382 (NT)

Salinity

-3.54

-.73

<.001

Calcium

-.41

-.70

<.001

Magnesium

-.19

-1.35

<.001

Sodium

-.058

-.65

.004

Sulfate
Chloride

-2.00
-.003

-1.80
-.002

<.001
969 (NT)
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Channel Evolution
Channel evolution is thought to be a contributing factor to reduced salinity loads because of the recent (last 50 to
60 years) decline in the rate of arroyo development or downcutting in salt bearing bedrock of the Colorado Plateau (Gellis
and others, 1989; Bauch and Spahr, 1998). The decrease in
erosion may be due in part to the stabilization of channels by
phreatophyte colonization or to partial equilibrium between
stream channels and irrigation return flows. Phreatophyte
colonization would stabilize the banks of arroyos and slow the
erosion process. Greater equilibrium between stream channels and irrigation return flows has most likely occurred as
a result of time and reduced spillage and field runoff from
improved irrigation systems. Gellis and others (1989) suggest
a large-scale hydrologic pattern may play a role in sediment
yield based on analogs from the late Holocene period, which
indicated episodic arroyo development and subsequent channel stabilization and sediment storage. Evaluation of trends
in sediment load upstream from the Grand Valley Unit was
beyond the scope of this report; therefore, it is not known
whether sediment loads in any of the four regions actually
are decreasing.

Ground-Water Inflows
Ground-water inflows to the Colorado River account for
the majority of streamflow and salinity to the system. Warner
and others (1985) reported that baseflow contributes 76 percent of the total streamflow in the Colorado River upstream
from Glenwood Springs, and about 87 percent of the total
streamflow in the Colorado River from Glenwood Springs
to the outflow of the Grand Valley Unit. Warner and others
(1985) also reported that the baseflow contributions account
for most of the salinity load in the Colorado River. Because
ground water contributes the vast majority of salinity load to
the Colorado River, it is conceivable that the downward trends
in salinity concentration and load observed upstream from the
Grand Valley Unit are a direct result of changes in groundwater contributions. In agricultural areas, most of the ground
water is derived from deep percolation and seepage. Deep
percolation occurs when excess irrigation water is applied
and seepage occurs from unlined irrigation water delivery
systems (canals, laterals, and on-farm delivery ditches). Deep
percolation and seepage move as ground water toward and
into streams and mobilize salts in the process. Ground-water
inflow to streams also comes from natural sources such as
saline springs that drain evaporite and saline bedrock formations in all four regions. Dissolution of evaporite formations
account for approximately 60 percent of the salinity in the
Colorado River upstream from the Grand Valley Unit (Chafin
and Butler, 2002). Downward trends in salinity load in the

Colorado River upstream from the Grand Valley Unit may
have resulted from changes to flow paths or leachable salts in
the evaporite formations. Investigation into possible changes in
evaporite formations was beyond the scope of this report, and
would most likely require some level of field investigations
and a more extensive network of streamflow-gaging stations to
monitor trends near evaporite springs and outcrops.
Several government programs, such as the USDA-Farm
Services Agency, Agricultural Conservation Program (ACP),
the USDA Interim Environmental Quality Incentives Program (Interim EQIP), and USDA EQIP programs all provided
landowners with cost-share incentives to make irrigation
system improvements. These programs were available to land
owners during the 1986–2003 period and including irrigated
areas upstream from the Grand Valley Unit. These improvement programs were not specifically for salinity control, but
to improve overall water quality and to make efficient use of
limited water supplies. These programs also had the added
benefit of reducing salt mobilization because deep percolation and seepage were reduced. The NRCS estimates that
approximately 25 percent of irrigated land upstream from the
Grand Valley Unit was improved (more efficient irrigation
systems and lined water delivery systems) under the ACP,
Interim EQIP, and regular EQIP programs or as part of a private endeavor (Dennis Davidson, NRCS, oral commun., 2005)
from 1986 through 2003.
The estimated annual reduction in ground water salinity
loading (if any) that resulted from the salinity control work
in Region 4 was calculated using information provided by
the NRCS. In Region 4, the region with the highest salinity
load and largest downward trend, there are approximately
53,000 acres of irrigated land, of which the NRCS estimates
25 percent have been improved as of 2003. This amounts to
approximately 13,250 acres improved. A study done by the
NRCS (2005) for the Silt Project (not shown in fig. 2 but
located near the town of Silt in Region 4) reported that about
2 tons per irrigated acre are contributed to the Colorado River
each year from the project area. The study also reported that
there would be a reduction in salinity load of approximately
28 percent from the project area after irrigation system
improvements were installed. When these numbers are used to
estimate reductions in salinity load for 25 percent of irrigated
lands in Region 4, the estimated reductions equate to roughly
7,400 tons. This amount of salinity reduction is equal to about
5.9 percent of the total decrease in salinity load that occurred
from 1986 through 2003 in Region 4 (125,000 tons or about
6,950 tons/yr, table 4). It is possible that the reduction in salinity load from salinity control projects was underestimated.
It is likely that other factors are controlling salinity load
upstream from the Grand Valley Unit. No data were available
to estimate salinity load reductions from ACP, Interim EQIP,
and regular EQIP programs in the other regions; therefore, no
reduction estimates were made.
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Land-Use Changes

Summary and Conclusions

Salinity loads in the Colorado River may be affected by a
change in land use from agricultural to residential or industrial
settings. Irrigation return flow picks up salts as it percolates
through soluble formations. These salts are carried along in
the ground-water flow system until they are discharged into
streams (Bauch and Spahr, 1998). In the event that agricultural
land is converted to a residential or industrial use, it is possible
that the amount of water that percolates into the ground (and
subsequently picks up salts and discharges them into streams)
will decrease, because there is less irrigated land and therefore
less irrigation water applied. It is assumed for this discussion
that the area of irrigated land will decrease because of road
construction and housing developments. Although the actual
decrease (if any) in water applied is not known, an inference
can be made about land-use conversion based on the number
of irrigated acres in production over time using a geographic
information system (GIS). The inference is that as land is converted from an agricultural setting to a residential or industrial
setting, the number of irrigated acres decreases; therefore, if
no decrease in irrigated land is observed, it is assumed that no
land-use change (or change in salinity load) has occurred.
Data for a GIS analysis are available for determining how
many acres of irrigated land existed in Region 4 in 1993 and
in 2000 (Techni Graphic Systems, Inc., 2003). Irrigated lands
data for Regions 1 through 3 also were available; however,
only Region 4 was investigated because it was the region
with the highest salinity load and largest downward trend. In
Region 4, approximately 53,680 acres were irrigated in 1993,
and approximately 54,670 acres were irrigated in 2000. Some
degree of error is associated with the GIS data used to estimate
irrigated acres in Region 4, primarily because of the imprecise nature of remotely sensing vegetation/crop types using
spectral imaging. However, because the data indicate a small
increase in irrigated acres, it was assumed that the number of
irrigated acres probably was not decreasing. No decrease in
the amount of irrigated land from 1993 to 2000 in Region 4
indicates either that there was no change in land use, or that
land use change did not decrease the amount of irrigated land
in Region 4 during that period. Thus, the downward trends
in salinity load from 1993 to 2000 would not be the result of
land-use change even though population estimates indicate
that the population in Region 4 had increased by 46 percent
from 1991 to 2001. It is possible that previously unirrigated
portions of Region 4 were the setting for any new development that occurred. If this were the case, the new development
on previously unirrigated land may have caused an increase
in salinity loads, which in turn offset other factors that were
causing salinity loads to decrease. This scenario may help
explain why trends in flow-adjusted salinity load decreased
at a slower rate during the latter portion of the 1986 to 2003
period, but does not explain why flow-adjusted salinity loads
were decreasing at a relatively higher rate during the early part
of the period (fig. 4, Colorado River near Cameo, Colorado).

The U. S. Geological Survey has completed extensive
studies and research in the Grand Valley Salinity Control Unit
in Colorado that provide information to aid the U.S. Bureau of
Reclamation and the Natural Resources Conservation Service
in determining where salinity control work may provide the
best results, and to what extent salinity control work was effective in reducing salinity concentrations and loads in the Colorado River. Reports published by the U. S. Geological Survey
indicate that salinity concentrations and loads are decreasing
below the Grand Valley Salinity Control Unit, and that the
decreases are likely the result of salinity control work. Several
reports also document decreasing salinity levels upstream from
the Grand Valley Salinity Control Unit. As a result of those
previous findings, the U.S. Bureau of Reclamation entered
into a cooperative agreement with the U. S. Geological Survey
to investigate salinity trends in selected areas bracketing the
Grand Valley Salinity Control Unit and regions upstream from
the Grand Valley Salinity Control Unit.
Six streamflow-gaging stations and four regions upstream
from the Grand Valley Salinity Control Unit were selected for
evaluation based on unique features that control hydrology
and salinity, and on streamflow-gaging-station location. The
regions are the Eagle River Basin (Region 1), Colorado River
headwaters to Glenwood Springs (Region 2), the Roaring Fork
River Basin (Region 3), and the region between Glenwood
Springs and Cameo along the main-stem of the Colorado
River (Region 4). It was determined in previous studies that
the highest rate of downward trend upstream from the Grand
Valley Salinity Control Unit occurred from 1986 through
1993. Data from 1986 through 2003 were used in this study
to determine if the trends reported in previous studies are still
present and if the rate of trend is changing.
Mean-annual streamflow volumes from each region
ranged from 0.32 million acre-ft from Region 4 to about
1.05 million acre-ft from Region 2 for the 1986–2003 period.
All four regions combined account for approximately 60 percent of the mean-annual streamflow at the Colorado River near
Colorado-Utah State Line streamflow-gaging station (station
SL) with Region 2 alone accounting for the highest percentage
at approximately 24 percent.
Mean-annual salinity loads from each region ranged
from 140,000 tons/yr from Region 1 to 572,000 tons/yr from
Region 4 from 1986 through 2003. All four regions combined
account for approximately 47 percent of the total salinity
load at station SL with the highest loading region (Region 4)
accounting for approximately 20 percent.
Mean-annual salinity concentrations at the four streamflow-gaging stations near the outflow of each region ranged
from 251 mg/L at the Roaring Fork River at Glenwood
Springs streamflow-gaging station (station RF) to 411 mg/L
at the Colorado River near Cameo streamflow-gaging station (station CAMEO) from 1986 through 2003. Regional
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estimates for mean-annual salinity concentration are 287 mg/L
in Region 2 and 1,620 mg/L in Region 4.
Salinity trends for the 1986 to 2003 period were determined for the six streamflow-gaging stations. Trend slopes
at all six stations were downward and significant at or below
the 5 percent level. The salinity trend analysis indicates that
approximately 27 percent of the salinity decrease at station
SL is because of reductions upstream from the Grand Valley
Salinity Control Unit. Previous studies reported no trend for
the Gunnison River near Grand Junction streamflow gagingstation (station GUNN) for the 1986 to 1993 period, and a
much larger trend slope (-41,000 tons/yr) at station CAMEO,
which is equal to about 66 percent of the decrease observed
at station SL. These results indicate that the rate of trend had
changed after 1993 at stations GUN and CAMEO.
To aid in the interpretation of the temporal trends at
each station, graphical examination of the data also was done
using the LOWESS smoothing technique. The LOWESS plots
showed that flow adjusted salinity loads at the majority of sites
decreased in the early 1990’s and were relatively stable in the
mid to late 1990’s and early 2000’s.
Trend slopes for each region were different for the 1986
to 1993 and 1986 to 2003 periods. Region 1 had trend slopes
of -3,330 tons/yr and -1,230 tons/yr for the 1986 to 1993
and 1986 to 2003 periods, respectively. From 1986 through
1993, a slightly higher percentage of the trend slope at station SL relative to 1986 through 2003 was accounted for.
Region 2 had trend slopes of -6,020 and -940 tons/yr from
1986 through 1993 and 1986 through 2003, respectively.
From 1986 through 1993, a higher percentage of the trend
slope at station CAMEO and a much higher portion at SL
relative to the 1986 to 2003 period was accounted for. These
differences indicate salinity loads from Regions 1 and 2 were
decreasing at a slower rate from 1993 to 2003 than during
the 1986 to 1993 period. There was not a significant trend
in annual flow-adjusted salinity load in Region 3 from 1986
through 1993, therefore the trend slope is assumed to equal
zero for that period. There was, however, a significant trend in
annual flow-adjusted salinity load from 1986 through 2003 in
Region 3, and the trend slope was -1,580 tons/yr. Region 4 had
trend slopes of -31,650 tons/yr (assuming the trend slope at
station RF is zero from 1986 through 1993) and -6,950 tons/yr
from 1986 through 1993 and 1986 through 2003, respectively.
The trend slope from 1986 through 1993 was considerably
steeper than the trend slope from 1986 through 2003, indicating that the trend in salinity in Region 4 was decreasing at a
slower rate from 1993 through 2003 relative to 1986 through
1993. The percent of trend slope accounted for by Region 4 at
stations CAMEO and SL was roughly twice that of the other
three regions combined. These results indicate that Region 4
plays a substantial role in controlling salinity trends upstream
of the Grand Valley Salinity Control Unit.
The total decrease in flow-adjusted salinity load from
1986 through 1993 and 1986 through 2003 were calculated
from the trend analysis. The data indicate that regions 1, 2, and
4 had a larger total decrease from 1986 through 1993 meaning

that some of the decreases in salinity load realized from 1986
through 1993 may have been offset by increases in salinity
load after 1993. Station GUN and the Grand Valley Salinity
Control Unit, however, both showed that the total change in
flow-adjusted salinity load was larger from 1986 through 2003
meaning salinity loads from these areas continued to decline
and were not offset by increases in salinity load after 1993 to
the degree that other regions were.
Trends in salinity concentration and streamflow were
tested at station CAMEO to determine if salinity concentration, streamflow, or both are controlling salinity loads
upstream from the Grand Valley Salinity Control Unit. Trend
tests of individual ion concentrations were included as potential indicators of which sources (based on mineral composition) may be controlling trends in the upper Colorado. No significant trend was detected for streamflow from 1986 through
2003 at station CAMEO; however, a significant downward
trend was detected for salinity concentration. The trend slope
indicates that salinity concentration is decreasing at a median
rate of about 3.54 milligrams per liter per year (mg/L/yr).
The concentrations of five major ions (calcium, magnesium,
sodium, sulfate, and chloride) were tested for trends. The
results indicate that processes within source areas with rock
and soil types (or other unidentified sources) bearing calcium,
sulfate, and magnesium had the largest effect on the downward
trend upstream from station CAMEO.
Several possible explanations for decreases in salinity
concentrations and loads upstream from the Grand Valley
Salinity Control Unit have been documented in previous studies. Recent studies suggest that the observed trends may be
the result of one or more factors, including channel evolution,
decreasing salinity load from ground-water sources, and landuse changes.
Channel evolution is thought to be a contributing
factor to reduced salinity loads because of the recent (last
50 to 60 years) decline in the rate of arroyo development or
downcutting in salt bearing bedrock of the Colorado Plateau.
The decrease in erosion may be in part because of the stabilization of channels by phreatophyte colonization or partial
equilibrium between stream channels and irrigation return
flows. Downward trends in salinity load in the Colorado
River upstream from the Grand Valley Salinity Control Unit
also may have resulted from changes to flow paths or leachable salts in the evaporite formations. The estimated annual
reduction in ground-water salinity load that resulted from the
irrigation system improvements in Region 4 was calculated
using information provided by the Natural Resources Conservation Service. When these numbers are used to estimate
reductions in salinity load for 25 percent of irrigated lands
in Region 4, the estimated reductions equate to roughly
7,400 tons. This amount of salinity reduction is equal to about
5.9 percent of the total decrease in salinity load that occurred
from 1986 through 2003 in Region 4 (125,000 tons or about
6,950 tons/yr, table 4). It is possible that the salinity load
reduction from the irrigation system improvement projects
were underestimated; however, it is likely there are also other
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factors are controlling salinity load upstream from the Grand
Valley Salinity Control Unit.
Salinity loads in the Colorado River may be affected by a
change in land use from agricultural to residential or industrial settings. If agricultural land is converted to a residential
or industrial setting, the amount of water that percolates into
the ground (and subsequently picks up salts and discharges
them into surface streams) may be reduced because there is
less irrigated land and, therefore, less irrigation water applied.
The actual amount of reduction (if any) in water applied is not
known, but an inference can be made about land-use conversion based on an estimate of the number of irrigated acres in
production with time. The inference is that as land is converted
from agricultural uses to residential or industrial uses, the
number of irrigated acres decreases. If no decrease in irrigated
land is observed, it is assumed that no land-use change (or
change in salinity load) has occurred. In Region 4, approximately 53,680 acres were irrigated in 1993, and approximately
54,670 were irrigated in 2000. No decrease in the amount of
irrigated land from 1993 to 2000 in Region 4 indicates that
there was either no change in land use, or that land-use change
did not decrease the amount of irrigated land in Region 4.
Thus, the downward trends in salinity load would not be the
result of land-use change.
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