A Basis for Understanding Responses to Global Change

Chapter 12

Long-Term Trends in
Precipitation and Surface
Water Chemistry

In this chapter, we first describe common methods to
measure precipitation and water chemistry, as well as
our rationale for the selection of variables in the book.
We then show graphs of long-term data summarized
across sites and by site for four major elements
(nitrogen and sulfur, in precipitation as inputs and
surface water as export, and calcium and choride).
Examples of research questions that can be addressed
using these data can be found in chapter 6. Data for
additional elements are available on the EcoTrends
website (http://www.ecotrends.info).

Methods of Measurements and
Selection of Variables

One of the challenges associated with conducting cross-
site analyses of long-term biogeochemistry data is that
sites in different biomes focus on different research
questions and use different approaches to address these
questions. A second problem is that biogeochemical
research has typically focused on measurements of the
inputs to and losses from ecosystems rather than pool
sizes and transfers among pools. Inputs often provide
information on important drivers to ecosystem function.
Losses provide an indication of the response of
ecosystems to changes in environmental drivers. Losses
or export of nitrogen in surface water depend on the
ability of vegetation to retain nitrogen. This retention is
affected by soil, vegetation, hydrologic properties, and
climate. Nitrate is much more mobile than ammonium
(which is often very low in streams) and is recognized
as an indicator of watershed’s nitrogen status. The
ability of watersheds to retain nitrogen is important in
preventing its movement downstream to waters that are
sensitive to nitrogen-induced eutrophication (examples
include the Chesapeake Bay and the Gulf of Mexico).

Although study of internal element pools and

transfers among pools is essential to understanding
ecosystem function, obtaining the data is often difficult
and expensive and generally is not part of routine
monitoring. Thus, no long-term data on soil chemistry
are available for cross-site comparisons. However,

cross-site comparisons from short-duration nitrogen
fertilization studies are discussed in chapter 6.

In this chapter, we focus on measurements made using
common methods for a relatively large number of sites
(up to 34). As a result, we focus on (1) wet deposition
and precipitation chemistry through data available
either in the National Atmospheric Deposition Program
(NADP; http://nadp.sws.uiuc.edu/) or from a site and
(2) on surface water chemistry collected by each site.

Two measures of wet deposition are commonly
obtained from precipitation (rain, snow) collected at

a site: (1) concentration, expressed as milligrams per
liter, is measured on a subsample of the precipitation
collected and averaged based on the total volume
collected (the volume-weighted concentration), and

(2) total amount collected in a precipitation sample is
converted to an areal basis (deposition expressed as
kg/ha per year). In both cases, samples are collected
frequently (daily or weekly, for example) and converted
to a mean value for the entire year. In most cases,

data were obtained for nitrate, ammonium, chloride,
hydrogen (acidity as pH), and base cations (calcium,
magnesium, potassium, and sodium). Nitrate is an
important nutrient for the biota, although it can be toxic
at high levels. The dominant source of nitrate emissions
to the atmosphere is combustion of fossil fuels from
transportation sources and electric utilities. Ammonium,
which can be toxic at high levels, is an important
byproduct of animal metabolism and fertilization.
Sources and atmospheric deposition of ammonia (figure
12-9) typically vary more locally than those of nitrate,
which tends to show strong regional patterns (figure
12-1). Additional elements and finer resolution data

are available on the EcoTrends website (http://www.
ecotrends.info). Concentrations of all of these solutes
are changing in precipitation in response to changes

in emissions of air pollutants, and these changes have
implications for water quality and ecosystems. Mean
surface water export data on an annual basis (mg/L) for
nitrate, ammonium, sulfate, chloride, and calcium are
shown here.

Graphs Showing Long-Term Trends

The remainder of this chapter is devoted to graphs
showing trends in precipitation and surface water
chemistry, displayed in two ways, to provide a sense of
change across a range of spatial scales (continent, site)
for each variable. First, we provide a summary of trends
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at the continental scale using maps that show either the
mean across years or the slope of the regression line (if
significant) across time for each variable. Slopes are
shown using either pink (positive) or blue (negative)
bars; the height of the bar is the magnitude of the slope.

Following the continental-scale maps, we show data
through time using three panels for each site and each
variable: (1) concentration in precipitation (mg/L),

(2) deposition in precipitation (kg/haly), and (3)
concentration in surface water (mg/L). These panels
allow comparisons between atmospheric deposition
(inputs) and the amount of nitrogen lost from surface
water each year. A line indicates a significant positive or
negative trend through time (p < 0.05) based on simple
linear regression, uncorrected for autocorrelation. The
site graphs are organized by ecosystem type to allow
comparisons of sites in the same ecosystem. For surface
water, we show each site graph on a continental map
with similar sites to allow direct comparisons among
sites. Long-term means and regression coefficients can
be found in Appendices 5-14.

Summary

Trends in nitrogen compounds vary through time
within a site and spatially among sites because of the
multiple forms of nitrogen in ecosystems with different
sources and dynamics. Nitrates in precipitation are
either decreasing (in the East) or not changing at

most sites. Notable exceptions are sites in the Rocky
Mountains (NWT) and sites with rapidly increasing
urban populations near a research site (FCE). Patterns
in nitrate export from streams and lakes are more
variable in that some sites are increasing, some are
decreasing, and many remain unchanged. Ammonium
deposition either has not changed or is increasing over
the past 20 plus years. Given that nitrate is not changing
or is declining for many sites outside of the Rocky
Mountains, ammonium is increasing in importance

as a component of atmospheric deposition nationally.
Nitrate and sulfate deposition are decreasing in many
eastern sites, consistent with efforts to control emissions
of acid-causing nitrogen and sulfur from power plants
in that part of the country. Declines in nitrate deposition
have not been as marked as declines in sulfate.
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