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Hello! Thank you all for participating in today’s webinar on a recently completed study that will help water managers prioritize actions for reducing concentrations of dissolved-solids concentrations in streams.

Dissolved-solids concentration is a measure of stream salinity, and recent studies have shown that excessive concentrations in water can have adverse effects on the environment and on agricultural, municipal, and industrial water users. To support efforts to further understand and reduce dissolved-solids loading, the USGS National Water-Quality Assessment Program has developed a computer model that will help identify watersheds that contribute the largest amounts of dissolved solids to streams, as well as track dissolved-solids as they move downstream. And we’ve provided access to this model through a new and innovative online system that allows anyone to map the amounts and sources of dissolved-solids, and actually test strategies for reducing dissolved-solids loads in streams. 

Briefly, the information I’ll be describing today will help dissolved-solids reduction efforts in a variety of ways. Three important ways include: 
prioritizing areas for dissolved-solids reductions; 
identifying the major sources of dissolved solids; and 
testing the long-term benefits of dissolved-solids reduction programs.




 
Why Study Stream Salinity? 

Damages to U.S. Agriculture: $2.8 Billion  

(i.e., aquatic insects, 
snails, clams) 

Stream salinity, percent of regional background level 
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So why study stream salinity? Well, besides the well known aesthetic or taste issues associated with salty water, there are significant ecologic and economic impacts associated with excessive dissolved-solids concentrations in water. Further emphasis is placed on these impacts because dissolved solids are chemically conservative in water. Whereas nutrients can be consumed by aquatic and riparian biota and thereby reduce concentrations and loads; dissolved solids are persistent in the aquatic environment and are much more difficult to mitigate once in the water. 

A variety of scientific studies have found that high dissolved-solids concentrations, especially chloride, can have significant effects on aquatic and terrestrial ecosystems (Kaushal, 2005). These include: 

 acidification of streams and mobilization of toxic metals through ion exchange
 interference with the natural mixing of lakes
 inhibition of denitrification 
 change in mortality and reproduction of aquatic plants and animals
 alteration of microbial community structure and of community composition of plants in wetlands and riparian areas, and
 facilitation of saltwater species invasion into freshwater  ecosystems

The effects of increased salinity on certain species may have domino-effects on other broader processes in aquatic systems related to primary productivity, decomposition, nutrient cycling, and the trophic complexity of food webs. 

In the graph shown here, we can see the results of synthesizing data collected by the NAWQA program across the nation (USGS Circular 1391). What the data shows us is that for algae, macro invertebrates, and fish, there is a clear increase in the occurrence of biotic community alteration in stream reaches that have higher salinity levels. 

Besides ecologic consequences, there are also substantial economic consequences as well. Damages from elevated dissolved-solids concentrations in water can have substantial economic costs. For the Nation, the losses in agricultural revenue that result from dissolved-solids loads in irrigation water and accumulation in cultivated lands are estimated at $2.8 billion annually during recent years, and mostly occurring in Western States (Sabo and others, 2010). 

(Photo courtesy Salinity Forum 2014)






 
 

Salinity Sources…Some Examples 
Weathered geologic formations Irrigation 

Detergents 

Fertilizers 

Road deicing 
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All water naturally contains dissolved solids as a result of weathering and the dissolution of minerals in soils and geologic formations, and certain human activities can increase concentrations above natural levels. Major ions, including bicarbonate, calcium, chloride, magnesium, potassium, silica, sodium, and sulfate constitute most of the dissolved solids in water and are an indicator of salinity. Some amount of dissolved solids is needed for plant and animal growth and for agricultural, domestic, and industrial purposes. Many of the major ions are essential to life and have vital nutritional functions. 

Some important sources of dissolved-solids to the nation’s streams include:
Natural chemical weathering products from geologic materials
Accelerated weathering of soils by tilling and application of irrigation water to croplands
Fertilizers and other chemicals used to promote vegetation growth in urban and agricultural areas
Application of salt and other deicers to driving surfaces
And, lastly, a variety of human activities in developed areas; especially those that enrich dissolved solids concentrations in wastewater—such as use of detergents and water-softeners in homes, and manufacturing processes that use salt rich materials. Water treatment plants and wastewater treatment plants also add solutes to the water too.

In some areas activities associated with energy development, especially fossil fuels, can be a source of dissolved solids. In our study, however, we didn’t find this source to be significant for representing long-term average conditions at the national level. 

(Photos courtesy of Irrigation Museum, Lowe’s, Southwest Florida Water Management District,  And Solar Roadway)
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Integration of Monitoring Data with 
Information on Watershed Characteristics and 

Dissolved-Solids Sources 
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So to build a comprehensive understanding of the salinity of the nation’s streams, we developed a computer model that is designed to simulate the processes that lead to elevated dissolved-solids levels in local streams and downstream waters. 

In this simple illustration we have a section of stream that we refer to as a reach, and the drainage area to that reach which we refer to as a catchment. The collection of catchments above of any point on a stream is referred to as the watershed for that stream.

The model starts by determining the amount of dissolved solids available for transport from various sources within each catchment, such as geologic units, road de-icers, urban lands, and agricultural lands.

Then, the model accounts for how the dissolved solids moves from each source across the catchment’s land surface to catchment’s stream reach.

Lastly, the model tracks the movement of dissolved solids from each stream reach to the next one downstream, through the river system, until the ocean or other stream terminus is reached. In some reaches losses due to diversions occur and are accounted for as well.

All of those inputs and processes are integrated in such a way that model predictions match actual water quality as defined by monitoring information.

Capturing the source and transport information from the model provides quantitative information needed for assessing strategies to reduce dissolved solids in the streams!



2,560 calibration sites from USGS NWIS 
and EPA STORET databases 

 

Monitoring Data Are Critical for Modeling 
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This map shows the dissolved-solids yield observed at monitoring sites used in our study. Monitoring data are the “eyes” of a water-quality model and the predictions will reflect what the monitoring data represent. For that reason, we spent a significant amount of time incorporating as much monitoring information as possible from various federal and state monitoring programs that were stored in national water-quality data bases like the USGS National Water Information System and the EPA STORET database.
 
The result of that effort is that we were able to gather enough data to calculate stream loads for 2,560 sites located throughout the Nation and use those data to develop the model. 





 

Integration of Monitoring Data with 
Watershed Attribute Data: SPARROW 

SPAtially Referenced Regressions On Watershed Attributes 
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Our modeling approach is known as SPARROW which stands for SPAtially Referenced Regressions on Watershed attributes.
 
To develop a SPARROW model, we start with monitoring data and we use those measurements to quantify annual stream loads at as many sites as possible. Those stream load values are related to geographic data that describe dissolved-solids sources, such as geology and land cover, and landscape characteristics that affect dissolved-solids transport, such as precipitation and irrigation application rates. The monitoring and geographic data are linked to a digital stream network and the model is then calibrated to best represent the monitored stream loads.

Once calibrated, the model can be used to predict the annual dissolved-solids load in every stream reach—there are nearly 66,000 of them within the conterminous United States. The model can be used to estimate annual loads, the mass of dissolved solids that passes a specific point in the stream each year; concentration, the mass in a given volume of water; and yield, which is the mass/year from a given area of watershed.

 






Dissolved-Solids Yields 
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As an example of the types of predictions that the model can produce, this map illustrates the model estimates of dissolved-solids yield from stream catchments across the Nation. Dissolved-solids yield is the annual mass leaving each catchment on an areal basis, that is the mass coming from each square kilometer per year and transported downstream. So it provides an indication of which catchments provide dissolved-solids to streams most intensively as indicated by the warmer colors. 

Included in this map are separate yield estimates for the catchments of more than 66,000 stream reaches located throughout the country. The largest area of high dissolved-solids yields is the crescent-shaped band south of the Great Lakes. But there are other areas of high dissolved-solids yields, such as along the coast in the Pacific Northwest and also in the Northeast. 



Largest Dissolved-Solids Sources 
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Specific sources in the model included variables representing geologic materials, road deicers, urban lands, cultivated lands, and pasture lands; and transport  of dissolved solids from these sources was affected by land-to-water delivery variables that represent precipitation, streamflow, soil, vegetation, terrain, population, irrigation, and artificial drainage characteristics.

This map illustrates the model estimates of the largest dissolved-solids source type in each stream catchment. Each shade represents a different source type as indicated in the legend on the lower left. And the map provides a good indication of where specific dissolved-solids sources are most important. I would like to point out that while only the largest source is shown here, there are many catchments where other significant sources occur with just slightly smaller yields than that of the largest source. For instance, a catchment with road deicers as the largest source is shown in purple on the map; the percentage of dissolved solids from that source might be say 45% of the total delivered dissolved solids to the catchment stream, geologic materials 40%, and cultivated land 5%--so you wouldn’t want to dismiss geologic materials as an important source.  

From this map you can see that geologic materials are the largest source for many catchments across much of the nation. While road deicers are the largest source in many catchments in the Northeast, cultivated and pasture lands are the largest source in many catchments of the West. There are also several catchments in metropolitan areas across the country where dissolved-solids come predominantly from activities in urban lands.




Dissolved Solids Yields and Sources  

Yields 

Largest  Sources  
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Together, the two maps provide a more complete picture of where dissolved solids input to streams is most intense and what the predominant source is in those areas. 

In the most extensive areas of high dissolved-solids yield, like the large area south of the Great Lakes, geologic materials and road deicers are most frequently largest source. But in many other areas urban or agricultural inputs from human activities are the largest sources, and the dissolved-solids yields from those areas can also be high. 



 

SPARROW Decision Support System 

Catchment Yield 
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All of the results I just described can be accessed through the new online system which we refer to as the SPARROW Decision Support System. This web-based software system provides open access both to the modeling results and to the use of the models. Since anyone can access the system, it provides no-cost support for developing salinity-reduction plans for watersheds throughout most of the country. 

This slide shows one example display from the Decision Support System and illustrates dissolved-solids yields for about 66,000 catchments in the conterminous United States. The system provides 3 main types of information that enable the user to map the loads, yields or concentrations of dissolved-solids in any catchment, evaluate the relations between upstream sources of dissolved solids and downstream loads, and test salinity-reduction strategies for effectiveness in reducing loads to downstream waters.

To better illustrate these capabilities, I’ll provide some examples.




 

Catchment Yields of Dissolved Solids to Streams 
in the Western United States 

Urban Lands 

San Francisco 

Los Angeles Phoenix 

Salt 
Lake 
City 

Seattle 

Denver 

High 

Low 

Catchment Yield 
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The previous slide was a map of dissolved-solids yield due to all sources, but maps can also be developed to show the yields due to individual sources. This is the same type of map as in the previous slide, but it illustrates the yields to western streams due only to catchment sources associated with urban lands. 

What you see is that the darker, higher yielding catchments are located near where urban lands are located. And the darkest areas are major metropolitan areas such as Phoenix, Los Angeles, San Francisco, Denver, and Seattle.





 

Catchment Yields of Dissolved Solids to Streams 
in the Western United States 

Cultivated Lands 

Catchment Yield 

High 

Low 
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Other sources have much different spatial patterns in the way they contribute dissolved solids to streams. This map illustrates the catchment yields due only to sources associated with cultivated lands. Those yields are nearly zero in some catchments and quite high in others.





 

Catchment Yields of Dissolved Solids to Streams 
in the Western United States 

Silica-Rich Plutonic & Volcanic Rocks 

Catchment Yield 

High 

Low 
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There were 31 geologic sources in the SPARROW model, largely defined based on lithology, including ‘Silica-Rich Plutonic and Volcanic rocks’ shown here. This geologic source represents dissolved solids yielded from rocks such as granite and rhyolite. Catchment yields from this source are particularly high in eastern California and central Idaho where there are large granitic batholiths, and also in western Oregon and Washington due to the Cascade Volcanos.
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Catchment Yields of Dissolved Solids  to Streams 
in the Western United States 

Geologic— 
Silica-Rich 
Plutonic & 
Volcanic 
Rocks 

All  
Sources 
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The differences in the spatial patterns of dissolved-solids source yields can be easily seen by mapping them using the Decision Support System. And that can help agencies to better understand the nature of the overall effect of sources on regional water quality and help in planning their strategies for reducing dissolved-solids inputs to streams. Further, given that anyone can view these results, we believe that this type of analysis can provide a common basis of understanding for dissolved-solids sources to help generate support for the implementation of salinity reduction plans. 




 
Connecticut 

River  
Example:  

 
Catchment 
Yields, All 
Sources Springfield 

Hartford 
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Lets examine a watershed on the opposite side of the country. The Connecticut River Basin is set largely on glacial-till, -lake, and -outwash sediments. It has forested lands, cultivated and pasture lands, and several urban areas including Springfield Massachusetts And Hartford Connecticut, as well as many roads on which deicers are applied during winter. Flow in the main stem of the Connecticut River is largely from North to South.

Issues associated with dissolved-solids in the river and its tributaries have raised concern in groups like the Connecticut River Watershed Council. Past studies of dissolved solids in the Connecticut River Basin have shown concentrations have increased over time, including one that showed how chloride increased 344 percent from the baseline period 1900-1917 to the period with road deicer usage, 1966-2000 (Robinson and others, USGS WRIR03-4012). The Connecticut River is not alone, increases have also been documented and noted of concern in other rivers, such as the Mohawk, Hudson, Blackstone, and Merrimack–all of which are in the Northeastern US.

For now, however, lets focus on the Connecticut River, including its dissolved solids sources, yields, and predicted effects of potential salinity reduction strategies as shown using the Decision Support System. In this map you can see that yields from all sources for the individual catchments vary spatially within the watershed, with no apparent longitudinal or latitudinal trends. That is, we don’t see all the catchments with high yields in one part of the basin and catchments with low yields in the opposite part of the basin. So a salinity-reduction strategy would likely be most successful by considering the whole basin rather than just part of it. 



Sources of dissolved solids 
at the river’s mouth: 

Percent 

Geologic materials 50.0 
Cultivated Lands 0.1 
Pasture Lands 1.3 
Urban Lands 7.8 
Road Deicers 39.0 
Inflow at boundary with  
Canada 

1.6 

 
Connecticut River Example: Sources 
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We can use the ‘Delivery Report’ feature of the Decision Support System to find out the amount and the sources of dissolved solids for the water discharging from the river’s mouth into the Atlantic Ocean. From the report, we see the total load from all sources is about 1.4 million metric tons of dissolved solids per year, half of which comes from geologic materials, and the remaining half from human sources—with road deicers being the most significant of the human sources at 39% of the total load. 



 
Connecticut 

River  
Example:  

 
Catchment 

Yields—Road 
Deicers 
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This map from the Decision Support System shows catchment yields of dissolved solids from road deicers. We see that catchment yields from road deicers are high in some catchments but not in others. If we want to mitigate the effect of road deicers on dissolved solids, the greatest results are likely to be realized in those catchments with large yields from this source—in the map they are the darker brown ones. 

A strength of the Decision Support System is that we can test salinity-reduction strategies using the model prior to implementing them on the ground to see what sort of results we can expect from certain changes in resources management. 



 
Connecticut 

River 
Example: 

  
Concentration 
decrease from  

25% Reduction of 
Inputs from Road 

Deicers 

 
Concentration  
Decrease (mg/L) 
 

20 – 43 
10 – 20 
5 – 10 
 2 – 5 
1 – 2 

Less than 1 
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Let’s see how dissolved-solids concentrations could change if we reduced the inputs from road deicers by 25%. This could represent a change in deicer management—by covering all salt-storage piles, by reducing the number of deicer applications, or by reducing the amount of deicer applied in each application. Alternatively, this reduction could represent a condition imposed by change in climate, such as warming temperatures that lead to more precipitation falling as rain rather than snow, and subsequent reductions in deicer application. 

This map shows the decrease in concentration of dissolved solids that occurs in our 25% reduction scenario. When we look at the results of this scenario shown, we find that concentrations would decrease between 5 and 10 mg/L in many reaches, including those of the lower Connecticut River where such a concentration change translates to a 10% reduction in concentration. While some reaches would decrease a smaller amount, other reaches, however, would have much larger decreases—up to 43 mg/L. We need to consider that these are flow-weighted concentrations—which essentially would be the concentration resulting if all of the streamflow throughout the year were retained in a reservoir and was fully mixed, thereby removing the seasonal highs and lows that occur in concentrations. Consequently, reductions in concentrations during snowmelt runoff would likely be greater than those shown here. 




State* Deliveries from 
Deicers, metric 
tons 

Share of total 
deicer deliveries 
by state, percent 

Connecticut 96,000 23 
Massachusetts 136,000 33 
New Hampshire 56,000 13 
Vermont 129,000 31 
Total 417,000 100 

 
Connecticut River Example:  

Delivery Reports 

*Minimal drainage areas & deliveries from Canada and Maine neglected here for simplification 
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Some rivers, like the Connecticut River, straddle or cross multiple states and so its useful to look at the amount of source delivered by state. This is especially true when collaborative efforts to improve water quality need to consider different resources management or regulation by different state or local agencies. One percent or less of the dissolved solids come from the part of the watershed in Canada and Maine, so in this example we’ll neglect those source areas for simplification purposes. In the table above, we see that de-icers from Massachusetts and Vermont have the largest and nearly equal amount of deliveries of dissolved solids to streams in the Connecticut River Basin from deicers.  The information in the table above is provided in the Decision Support System delivery reports, and if we wanted additional information for a designing detailed salinity reduction strategies for the Connecticut River, information on sources, loads, and yields can be output by the Decision Support System down to the stream-reach level.



 
Connecticut River Example—Comparison of concentration 

decreases for two different 25% reduction scenarios 

 
Concentration Decrease: 
             (mg/L) 

43 – 60 
20 – 43 
10 – 20 
5 – 10 
 2 – 5 
1 – 2 

Less than 1 

25% Reduction 
only in road 
deicer inputs 

25% Reduction in road deicer 
and in urban, pasture, and 
cultivated lands inputs 
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What if water-quality management goals sought greater reductions than those potentially obtainable by reducing road deicers by 25%? The beauty of the Decision Support System is that its easy to change the source input levels and see what the results would be—often one will test various scenarios and compare their results. Here in this slide we show a side-by-side comparison of our first scenario reducing only road deicers 25% against another scenario where all human sources are reduced 25%. Each map on the right and the left show the decrease in concentration using the same color scheme for the amount of decrease, so its easy to make a visual comparison. 

If you study the results, you’ll find many catchments are colored the same indicating that the two scenarios produce similar results. That is, there isn’t significant benefit to those catchments from the additional planned salinity control in urban, pasture, and cultivated lands. This isn’t surprising since deicers make up 39% of the dissolved-solids source contributions to the basin as a whole. In some catchments, however, color changes do occur and indicate where greater decreases in concentrations were obtained with the additional planned salinity control. For example note the deep blue catchments near Hartford Connecticut with concentration reductions of 20-43 mg/L in the left map changed to red catchments in the map on the right, indicating reductions up to 60 mg/L. 





 
  How Can This Information Be Used? 

• Prioritize Areas for Dissolved-Solids 
Reduction 
 

• Better Understand Dissolved-Solids  
Sources  

 

• Test Long-Term Benefits of Reductions 
 

•   
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The DSS is an easy tool to test such scenarios as were just described, or even more detailed scenarios. For example we could test the effects of different levels of source input reductions in different parts of the Connecticut River Basin. Reach by reach if we wanted to, or perhaps source by source. Alternatively, one could assess potential affects of expanding urban areas and increased road deicer usage as a result of population growth in the basin. While our example focused on dissolved solids from road deicers in the Connecticut River, you can see how the Decision Support System can be used to examine dissolved solids conditions caused by other sources in other river basins in the country, such as agricultural lands in Southwestern US streams. 

So by way of a quick summary, the new SPARROW model of dissolved-solids transport and Decision Support System is useful in a number of ways.

First, the model provides basic information describing dissolved-solids loads and yields across large regions, and that information will be useful for prioritizing areas for dissolved-solids reduction actions.

Second, the model provides information that identifies the dissolved-solids sources in watersheds that contribute to downstream loads, and that information will be useful for designing reduction plans tailored to those sources.

Third, the models and Decision Support System provide a mechanism for testing the potential benefits of large-scale approaches to reducing dissolved-solids loads that could then be more fully developed using detailed local information. 





 
 For more information: 

• Access to the Report and Decision Support System: 
 

 http://water.usgs.gov/nawqa/home_maps/dissolved_solids.html  
 

• David Anning: 
  dwanning@usgs.gov 
  928-556-7139 
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For more information on all of the results I’ve presented today, you can use the URL listed above. On that web page there is a link to the Decision Support System where you can interact with the dissolved-solids and other models, or find more information about the Decision Support System and how to use it. The URL also has a link to the USGS Scientific Investigations Report describing the details of the model and study results. And you can contact myself, the principal investigator of the study at the listed email address or phone number.

Thank you very much.

mailto:dwanning@usgs.gov
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