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ABSTRACT

The focus of this report is on North American wet deposition temporal

patterns from 1979 to 1988 and spatial patterns for 1988. lt is the third in

a series of reports that investigatethe patterns of annual precipitation-

weighted average concentrationand annual deposition for nine ion species:

hydrogen, sulfate, nitrate, ammonium,calcium, chloride, sodium, potassium,

and magnesium. The data in the report are from the Acid Deposition System

(ADS) for the statisticalreportingof North American deposition data which

includes the National AtmosphericDeposition Program/NationalTrends Network

(NADP/NTN),the MAP3S PrecipitationChemistry Network, the Utility Acid

PrecipitationStudy Program (UAPSP),the Canadian PrecipitationMonitoring

Network (CAPMoN),and the daily and 4-weekly Acidic Precipitationin Ontario

Study (APIOS-Dand APIOS-C).

Mosaic maps, based on surfaceestimation using kriging, display

concentrationand deposition spatial patterns of pH, hydrogen, sulfate,

nitrate, ammonium, and calcium ion species for 1988 annual, winter, and summer

periods. For all these ion species the highest concentrationsor depositions

primarilyoccur in the northeasternpart of the United States and/or the

southeasternpart of Canada. The western United States has much lower

concentrationsand depostions for all the ion species except calcium.

Temporal pattern analyses use a subset of 35 sites over a 10-year

(1979-1988)period and an expanded subset of 137 sites, with greater spatial

coverage,over a 7-year (1982-1988)period. The 10-year period represents the

longest period with wet depositionmonitoring data availablethat has a

sufficientnumber of sites with data of known quality to allow a descriptive

summary of annual temporal patterns. Sen's median trend estimate and

Kendall'sseasonal tau (KST) test are calculated for each ion species

, concentrationand deposition at each site in both subsets. For both subsets

the deposition trend estimatesof all the ion species are decreasing for more

than 50% of the sites. The concentrationtrend estimates of all the ion

species, except nitrate, are decreasing for almost 50% of the sites. For the

1979-1988 subset, the sulfate concentrationis decreasing for over 75% of the

sites and the sulfate deposition is decreasing for over 90% of the sites.
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Kendall seasonal tau (KST) tests found that all ion species have

significantly(p < 0.05) decreasing trends at one or more sites. In

particular, 17% and 29% of the 35 sitesin the 1979-1988subset have

significantdecreases for sulfate concentrationand deposition, respectively.

Additionally,greater than 17% of the sites also have significantdecreases

for calcium, chloride, sodium, potassium and magnesium concentrationand

deposition. Nitrate, ammonium and hydrogen ion have the fewest sites with

significanttrends.
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1.0 INTRODUCTION

The focus of this report is on the temporal and spatial patterhs of wet

deposition occurring in the United States and southeasternCanada. The reportt

gives a descriptive statisticalsummaryof wet deposition in terms of ion

species concentrationand deposition. Mosaic maps display1988 annual and

seasonal (winterand summer) spatialpatterns for pH, hydrogen, sulfate,

nitrate, ammonium, and calcium wet deposition. The intent of the mosaic maps

is to give a general overview of regional differences in wet deposition.

Descriptivegraphicaldisplays of annual wet deposition at monitoring sites

and Kendall seasonal tau statisticaltrend analyses provide informationon the

temporal patterns that existed during two time periods. The 1979-1988 time

period is the longest continuous period when a reasonable number of wet

deposition sites operated in the United States and southeasternCanada to

enable temporal patterns to be examined. The shorter 7-year time period,

1982-1988, is used to expand the spatialcoverage of the sites included in the

temporal pattern analyses.

The report consists of four sections and an extensive appendix.

Section I gives an introductionto the report and reviews related studies.

Section 2 describesthe sources for the wet deposition data, the data quality

and summarizationprocedures applied, the selection of sites included in the

spatial and temporal pattern analyses, the spatial estimation methodology

used, and the temporal pattern methodologyused. Section 3 describes annual

temporal patterns for nine ion speciesobserved during the 10-year and 7-year

periods and the spatial pattern in 1988 for five of the ion species. In this

section, the ion species are considered one-at-a-time. Because the number of

tables and figures used is large, they are placed together in the appendix.

Section 4 contains a study of ion speciestemporal patterns based on a

modified Kendall seasonal tau analysis of four-weeklydata. In this section,

the nine ion species are considered simultaneously.

6 1.1 PRIOR SPATIAL PATTERNAND TREND STUDIES

Several studies have examined current spatial and temporal patterns.

Each of these studies used differentdata screening and statisticalanalysis
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techniques. A brief summary of the results and conclusions of each of these

studies is presented below.

In a National Research Council (NRC) (1986) study, data were obtained

from 12 National AtmosphericDeposition Program/NationalTrends Network

(NADP/NTN)sites from 1979 through 1982, and from several Canadian Network for

Sampling Precipitationand the Canadian Air and PrecipitationMonitoring

Network (CANSAP and APN) sites from 1980 to 1982. The data record available

to the NRC (1986) study was too short to permit a quantitative analysis; only

a qualitative descriptionof temporal pattern tendencies is given. Despite

the relatively sparse data available, their observationsand conclusions have

been largely supported by more recent and comprehensivestudies. The NRC

consistentlynoted the similar behavior of year-to-year changes in sulfate

concentrationwith that of ions not considered to have anthropogenicorigins,

e.g., calcium. Decreasingcalcium concentrationswere as prevalent as

decreasing sulfate concentrations. For most of the 12 sites studied in the

eastern United States, the concentrationof most ions was higher in 1980 and

1981, and lower in 1979 and 1982. Canadian sites had similar multi-year

patterns; however, year-to-yearchanges at some sites were different from

neighboring sites.

Schertz and Hirsch (1985) examined 19 sites from NADP/NTN over the

period 1978 through 1983. They used the Kendall seasonal test (Hirschet al.

1982) to determine if a temporal change had occurred during the period covered

in their study. They found decreases in ionic concentrationwere more common

than increases for the 19 NADP/NTN sites. Of all the ions examined, sulfate

had the largest decreases in concentrationper year. Rates of change in

concentration,significantat the 5% level, ranged from -0.20 to -0.48

mg/I/year. When Schertz and Hirsch analyzed weekly ionic concentrationsthat

were adjusted to account for variation in precipitationamount, even more

sites showed significantdecreases in concentrationover the 1978 to 1983

period. All sites in Ohio, Pennsylvania,and West Virginia showed significant

decreases in sulfate and nitrate concentration. 6

Dana and Easter (1987), analyzing the MAP3S PrecipitationChemistry

Network (MAP3S/PCN)data from 1976 through 1983, found that sulfate

concentrationsdecreased about 2% per year at most all sites. However, these
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temporal changes were not statisticallysignificant. Their analyses were

based on a regression model applied to individual sample data that accounted

for seasonal behavior through a phase-shiftedsine wave and dependence on time

p assumed linear. The coefficientof the linear time term of the regression

model is the parametric estimate of the rate of change in the period.

Barchet et al. (1987a) undertookan analysis of the temporal patterns at

sites in the NADP/NTN, UtilityAcid PrecipitationStudy Program (UAPSP),

MAP3S/PCN, Acid Precipitationin Ontario Study (APIOS), and CAPMoN/APN

networks for the period 1980 through IBB4. They present results for monthly

changes in precipitationweighted mean concentrationand deposition of seven

ions. Their analyses are based on 48 sites that met a common data screening

criteria applied to monthly summaries. The NADP/NTN weekly sampling network

provided 28 sites; daily samplingnetworks provided 17 sites (eight from

MAP3S/PCN, five from UAPSP, and four from CAPMoN/APN);three sites came from

the APIOS monthly cumulative network. Most of the sites studied by Schertz

and Hirsch (1985) and by Dana and Easter (1987) are among the sites selected

for this study. They used both the Kendall seasonal test and seasonal

regressionmodel in the statisticalanalysis. All estimates of change are

based on the linear time coefficientof their regressionmodel. Barchet et

al. (1987a)found that decreases in concentrationdominate the temporal

pattern during the period for most ions. The median annual change for sulfate

concentrationat all eastern sites (44 sites) was estimated as -0.11

rag/I/year.Changes in concentrationfor the other ions tended to be downward

but did not display as strong a pattern as for sulfate. Temporal changes in

depositionover the period were not nearly as uniformlydownward as for

concentration. This appeared to be related to an increase in precipitation

amount during the latter part of the period that counteractsthe decrease in

concentrationat many sites.
!

Endlich et al. (1988) investigated the spatial and temporal pattern of

three daily sampling networks that included the UAPSP, the MAP3S, and the

Wisco_nsin Acid Deposition Monitoring Program (WADMP). The study spanned them
period 1979-1983, with the combined UAPSPand MAP3Ssites numbering 6 to 20

for any one year. In 1982, the WADMPadded three more sites to the pooled

data. Data were screened to create a single, uniform daily data set by
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examiningdata quality flags and codes, with the UAPSP screening program as

the standard for data acceptance. Kriging was used for spatial analysis as

discussed by Eynon (1988). On the basis of the fitted semi-variograms,

kriging interpolationplots were produced for pH, sulfate, nitrate, and 4

ammonium for 1979-1983. In the northeastwhere most monitoring sites were

located, the region of highest acidity (lowest pH) for 1982 extended from

approximatelySt. Louis, along the Ohio River Valley, across Pennsylvania and

New York, and to New England. The patterns in other years were similar. For

1982 (and other years), sulfate and nitrate patterns were quite similar to

those for hydrogen io_. The patterns for nitrate had the highest values in

the northwest part of the region and extending southward toward the Ohio River

Valley and eastward over the Great Lakes.

Seilkop and Finkelstein (1987) provided precipitationchemistry patterns

and trend for eastern North America (roughly east of the Mississippi) for

1980-1984. Data were obtained from the Acid Deposition System (ADS) data

summariesfor the NADP/NTN, MAP3S, CANSAP, APN, UAPSP, and APIOS wet

deposition networks. Data were screened using the data completenessmeasures

described in Section 2 for annual summaries. However, no quarterly criteria

were applied and a 75% criteria was required rather than 60%. Isopleth maps

were used to provide characterizationsof concentrationsand wet deposition of

sulfate, nitrate, and hydrogen ion. The authors used simple kriging to

interpolatesite values for isopleths. The individual annual sulfate spatial

maps for the study period showed that the isoplethsgenerally had a SW to NE

major axis with a maximum centered between northern Ohio and souther:,Ontario,

in the vicinity of Lake Erie. The spatial plots also showed a slight decrease

in sulfatedeposition between 1980 and 1983, with a slight increase in 1984.

Both the peak levels and the generally higher levels around the peak decreased

by about 15% in 1980-1983. The authors noted that levels far from the peak

(consideredbackground)did not seem to change from year to year. Except for

1984, the sulfate concentrationpatterns were quite consistentwith deposition

patterns for all years. This consistencybetween deposition and concentration
J

was also evident for hydrogen ion and nitrate. The nitrate patterns were

generally quite similar to those of sulfate, but smoother. During the

1980-1983 period, nitrate also decreased by 15-20% in areas of high deposition
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and concentration. However, thenitrate maximum was displaced slightly east

and north of the sulfate maximum. The hydrogen ion deposition maps showed the

same general shape and temporal change as sulfate, but the maxima were shifted

, south and east of both the sulfate and nitratemaxima. The authors discussed

the observed trend with regard to precipitationand emission trend. The

absence of a precipitation-basedexplanationfor deposition decreases does

lend support to a hypothesizedrelationshipbetween observed decreases in

hydrogen ion, sulfate, and nitrate during 1980-1983with reported reductions

in emissions. However, the 15-20% reduction in ion concentrationsmust be

viewed with caution, as the authors pointed out, because in a large part of

the area of maximum deposition, the coefficientof variation (related to the

location of isopleth lines) was approximately15% in 1982 and 20% in 1980.

1.2 SPATIAL INTERPOLATIONMETHODOLOGyREVIEW

Wet deposition researchersuse severaldifferent methods of spatial

interpolationto investigatewet deposition spatial patterns. A major

objective is the production of a map display that allows the visualizationof

the spatial pattern. Geographic mapping is one way to summarizedata

collected at geographicallydispersedmonitoring sites, to graphically

"extend" the data, and to enhance qualitativeassessment of the pattern.

Three types of map display predominate in the literature for displaying the

results: isoplethmaps, mosaic maps, and 3-D perspectivemaps. The display

choice is not dependenton the interpolationtechnique (with the possible

exception of hand-drawnmaps) but does involve a choice on what is the best

display to convey the informationon the spatial pattern. The choice depends

on the intended purpose for the display.

Bilonick (1985) gives his view on criteria that may be expected for any

reasonable spatial interpolationtechnique. "The method should (1) provide

estimates that are "close" to the actual (unknown) intersamplevalues,

(2) provide some idea of the reliabilityof its estimates, (3) incorporate as

much objective informationas possible (both directly and from the sample data

and other sources) in producing the estimates, (4) be consistent (everyone

using the techniquewith the same assumptionsshould produce essentiallythe

same map) and (5) not be too costly." lt is difficult, if not impossible,for
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any current technique to satisfy completely all of the criteria. These

criteria should be kept in mind when techniques are discussed or are claimed

to be optimal in some sense.

1.2.1 Cateqorjescf AlternativeTechniques

The number of alternativetechniques availablefor spatial interpolation

is large and it is convenient to categorize them into three classes (following

Burrough 1986): subjective or expert judgment, deterministic,and stochastic.

Creutin and Obled (1982) use an alternativeclassificationsystem. Their

categories are named nearest neighbor, arithmetic mean, spline-surface

fitting, so-called optimal interpolation,kriging method, and interpolation

based on empirical orthogonal functions, in addition, they present terms that

help distinguish essential characteristicsof interpolation. These are

statisticalversus deterministic,spatial versus climatological, interpoIIition

versus smoothing, and local versus global methods. Although these

distinctionsare useful, they are discussed only peripherallyhere.

Subjective or expert judgment interpolationresultsin generation of

isoplethmaps by visually interpolatingpoint values on a mapped surface by

generating lines associatedwith values of equal magnitude on the surface.

Cartographershave used this procedure as early as in the 1920s. The

"quality"of the interpolatedsurface depends upon the skill of the person

generating the map and their ability to qualitatively incorporatetheir

knowledge of concomitantinformation into the placementof the isopleth lines.

Deterministic techniques arose from surface fitting techniques,

typically from the field of numerical analysis. The number of deterministic

procedures is large and computer algorithms for their implementationare

readily available. Deterministictechniques fit the data exactly, implying

that each datum is known exactly, i.e., no sampling or estimation error for

datum is present. Techniques include assignment of nearest neighbor (also

termed proximal or Thiessen polygon), bilinear interpolation,quadratic

interpolation,spline fitting, local moving average, inverse distance-squared
A

weighting (and other distance weighting functions),trend surface fitting, and

many others. Typically, these procedures are easily computerized and require

minimal computing resources. Hence they are convenient for quick preparation
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of interpolatedsurfaces and their subsequentdisplay. Contouring algorithms

rely mainly on one or more of these techniques. Trend surface fittinq

tGchniquesdo accommodate interpolationwhen data is known with error but they

do not incorporate informationon any spatial correlation structure, hence

they are considered deterministic.

q Stochastictechniques incorporateinformationon the stochastic

structureof the data and typically use empirically determined spatial

correlations(or their equivalent). Optimal interpolationdeveloped by Gandin

(1965) uses spatial covariance or correlationas the basis for interpolation.

The fitted theoretical spatial correlationfunction is used to produce a

weighting function for each point to be estimated such that the mean square

error of the estimate is minimized. Optimal interpolationhas been developed

mainly by researchersin meteorologyand is suggested for use by the World

MeteorologicalOrganization (1970). Additional research in this area has been

done by Rodriquez-lturbeand Mejia (1974) and Lenton and Rodriquez-lturbe

(1977). Kriging, developed by Matheron (1971), is a spatial interpolation

technique used extensively in geostatisticsand relies on the concept of

spatial variance (equivalentin concept to spatial covariance), lt results in

a system of simultaneousequationswhose solution produces interpolation

weights based on a model of the covariance structure associated with the data.

The spatialvariance function is known as the semi-variogramand a unified,

consistentmethodologyexists for fitting theoretical semi-variogramsto

empirical semi-variograms. In most cases, kriging is applied locally by using

a globally defined semi-variogramand a local neighborhoodof data points for

the interpolation. Under assumptionsthat include the "intrinsic hypothesis",

the krigingestimator is the best linear unbiased estimator. The simple,

linear kriging method has been extended to handle trends (universal kriging)

and non-linear estimation problems (conditionalexpectation and disjunctive

kriging). Details may be found in David (1977),Journel and Huijbregts

(1978),Olea (1975), Ripley (1981),and Clark (1979).

1.2.2 Expert Judqment and DeterministicTechnique Application_s

Spatial patterns of wet deposition over areas of North America have been

developed using expert judgment or deterministictechniques by several

researchers. Cogbill and Likens (1974) produced a 1955-1956map of
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volume-weighted,annual data on hydrogen ion concentrationand a 1965-66 map

of precipitationpH. Subsequently,Stenslandand Semonin (1982) re-examined

the data for 1955-56, prepared another isopleth map, and compared it with a

map based on 1978-1980data from the NADP network. Although not stated, it

appears the latter maps were generated by a deterministic-basedcomputer

algorithm. Likens and Butler (1981) summarized prior work by preparing

modified maps and compared it to the spatial pattern over eastern North

America for 1975-76. They state the latter map was essentiallythe _ame

whether based on computer drawn map using a surface fitting algorithm or based

on subjectivelydrawn contours. Barrie and Hales (1984) developed hand-drawn

isopleth maps of the mean annual concentrationand deposition of hydrogen,

sulfate, nitrate and ammonium ions in precipitationin North America for 1980

based on Canadian and U.S. monitoring network data. They describe the process

used in developing the location of the hand-drawn contours and give a

qualitativeanalysis of their uncertainty. Munger and Eisenreich (1983)

produced computer interpolatedmaps of average sulfate concentration over the

U. S. and Canada for 1970-80. No attemptwas made to determine map

reliability. Galloway and Whelpdale (1980) developed an isoplethmap of 1977

average sulfatedeposition for eastern Canada but did not state how the map

was generated. Pack (1980) prepared hand-drawn contours for average sulfate

concentrationfor the period August 1978 to June 1979. The isoplethsare

based on 17 sites from two networks (EPRI/SUREand MAP3S) and an attempt was

made to statisticallyjustify combining the two networks. Zemba, Golomb, and

Fay (1988) consider the spatial pattern of four-year (1982-85)averaged wet

sulfate and nitrate deposition over eastern North America. Their patterns are

depicted as contour maps produced by the NCAR computer graphics software

(McArthur1983). The algorithm interpolatesirregularlyspaced data to an

internal grid from which it uses splines under tension to construct contours.

The NADP network prepares an annual data summary report (e.g., NADP 1991) that

includes isopleth maps prepared using a distance weighted interpolation

algorithm. The algorithm, and its user-determinedparameters,was selected

only after the computer generated contourswere qualitativelycompared with

hand-drawn contours prepared by network staff (Bowersox,personal

communication).
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lt is apparent from the number of papers discussed, and many additional

papers not discussed, that subjective and deterministicinterpolationmethods

are widely used in presenting wet deposition patterns over North America,

_ This may in part be attributedto the little to moderate effort required to

prepare an isoplethmap. Another factor may be related to the amount of

informationthe authors desired to convey. Typically the discussion of the

informationcontent of the maps emphasized the broad general features of the

spatial pattern displayed and not its detailed structure. Only broad

qualitativecomparisons among alternativemaps were presented. Without direct

discussionswith the authors, it is not possible to determine if the level of

informationcontent was sufficient for their planned intentions or if the

subjectivequality of the maps limited their ability to give detailed spatial

interpretationsor comparisons.

1.2.3 Stochastic Technique Applications

Most applicationsof stochastic techniques to spatial interpolationof

wet deposition data have used kriging. One exception is Gatz and Naiman

. (1980)who used the optimal method developed by Lenton and Rodriquez-lturbe

(1977). They examined the spatial variabilityof rain water impurities in

mesoscale events. Finkelstein(1984) and Eynon and Switzer (1983) published

two early applicationsof kriging methodology to wet deposition data.

Finkelstein (1984) used annual average precipitation-weighted

concentrationsfrom July 1979 to June 1980 to investigatethe application of

simpl_ kriging to wet deposition. Using polynomial functions as models for

fitting semi-variogramsto the annual data and addressing the behavior of the

semi-variogramat distances near zero by analyzing a second small scale

research network, isoplethmaps for hydrogen and sulfate ions were presented.

The uncertainty in the location of the isopleth line was expressed by

presenting upper and lower "confidence isopleths"derived by adding and

subtractingthe estimated kriging variance from the estimates and contouring

the results. Subsequently,Seilkop and Finkelstein(1987) applied the same

simple kriging procedures in a study of wet deposition patterns and trends in

eastern North America from 1980 to 1984. In both cases, kriging was applied

locally with a globally determined semi-variogram. Journel and Huijbregts
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(1978) state that estimation bias is not serious under moderate spatial

trends.

Eynon and Switzer (1983) using daily data from the EPRI/SURE nine

station network developed a spatio-temporalstochasticmodel that included

deterministiccomponents for spatial, temporal, and measurement variation.

The fitted autocorrelationstructurewas then used as a semi-variogramin

kriging to produce isopleth maps of seasonal and rainfall adjusted yearly

average pH over the eastern United States.

Bilonick (1983, 1985) studied the spatial and temporal patterns of

hydrogen and sulfate ions in the northeasternUnited States based on bulk

precipitationsamples collectedby the U.S. Geological Survey from 1965-1979.

His approach for hydrogen ion was to estimate semi-variogramsfor each month

from 1965-1979 and then pool the monthly semi-variogramsto produce average

monthly semi-variograms. The latter was necessarydue to limited data

availableeach month. Rather than applying krigingto obtain point estimates

to contour, he applied kriging to produce monthly block estimatesfor 80 km2

blocks. These estimates and estimation variances are combined to form yearly

block estimates and variance estimates. Although the possible impact of

spatial anisotropywas recognized, insufficientdata was available to

segregatethe data to produce directionalsemi-variograms. Theoretical

sphericalsemi-variogramswith a "nugget" effect were empirically fit. The

block spatial estimation resulted in a rectangulararray of 12 block estimates

that were displayed by presenting a numerical value of the estimate. This is

a simplified version of a mosaic map display. The subsequent paper studied

sulfate concentrationand deposition space-time patterns by estimating a joint

space-time semi-variogram. Because of limited number of sites, a three-

dimensional semi-variogramthat accommodatedspatial anisotropy was simplified

to a two-dimensionalspatially isotropicmodel. The model included additive

terms for a nugget effect, a cosine model for seasonal effect, a spherical

model in time for small distances and a linear model in space. Simple kriging

was then used to obtain block estimates as before. The spatial pattern was

displayed used gray-scale shading of the block estimates superimposedover a

gnomonic projection of the northeast. Using a second data set demonstrated

the use of universal krigingwhen drift (spatial trend) is present. The
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resulting block estimatesare displayed as a mosaic and qualitativelycompared

to a previously prepared hand-drawn isopleth map (Peters and Bonelli 1982).f

Bilonick concludes that the universalkriging and hand-drawnmaps agree in

t_ broad outline with respect to the general level of sulfate deposition and

tendency for deposition to increase from north to south. Differences are

attributedto use of different map display techniques and different initial

data screening. Additionallysome smoothing appeared to also have been caused

by kriging.

A series of reports (Olsen and Watson 1984; Olsen and Slavich 1985,

1986; Sweeney and Olsen 1987, 1989; Erb et al. 198g)from the Acid Deposition

System (Watsonand Olsen 1984) include annual precipitation-weighted

concentrationand deposition isoplethmaps for hydrogen, sulfate, nitrate,

ammonium,and calcium ions over North America. Each isoplethmap is developed

(I) using a common data screeningcriteria to determine which sites are

included, (2) a theoretical isotropicsemi-variogram(typically sphericalwith

nugget effect) fitted to empirical semi-variogram,and (3) local simple

kriging to produce point estimateson a dense regular grid (80 x 80 km for

earlier years and 40 x 40 km in later years). The estimateson the regular

grid were then contoured using a simple bilinear interpolation,with the final

maps edited for unrealisticcontouringedge effects. Isopleth maps presented

by Barchet et al. (1987b)were prepared by the same group and followed the

same procedures.

Endlich et al. (1986) and Eynon (1988) estimated the spatial pattern of

precipitationchemistry over the eastern United States. Their studies relied

on data from three daily networks.UAPSP, MAP3S, and WADMP (Wisconsin). To

perform their kriging analysis,they used the availabilityof multiple years

of data to first remove long-term spatial and temporal trends from

year-to-yearfluctuations. The least squares fitted function used was a

, quadratic spatial polynomial plus a linear trend versus time. The residuals

from the fitted surfacewere then used in developing the kriging

, semi-variogram. They found that a simple linear semi-variogramwith a nugget

adequatelydescribed the spatial covariance structureand that an isotropic

form was sufficient. The final estimated surface is constructed by adding the

fitted trend surface to the estimatedkriging surface from the residuals.
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1.2.4 Issues Related To Spatial Interpolation

Prior studies lead to the identificationof a number of issues that must

be consideredwhen wet deposition data ar_ spatially interpolatedand

displayed. The issues are related to characteristicsof wet deposition

occurring in North AmerAca.

Fundamentalto any applicationof an interpolationtechnique is the

selectionof data to be used in the analysis. This selectiondepends on the

representativenessof the site and the completenessof the data for the period

of interest. Criteria for selection have been developed by the Unified

Deposition Database Committee (Olsen et al. 1990). When several maps based on

the same time period of data are compared, a major reason for qualitative

differences is the selection of different subsets of data by the researchers.

Simpson and Olsen (1990) completed a study on the effect of using different

data completenesscriteria on isoplethmaps. They concluded that the overall

general regional patterns are reasonably insensitiveto changes in criteria

but that local features can be highly sensitive. In most cases, change- in

criteria do not change the estimated concei;trationor deposition at a site but

do impact whether a site is included in the analysis.

Simple kriging essentiallyrequires an assumption of stationarityof the

mean and spatial covariance. The spatial patterns of precipitationchemistry

in North America have a persistent spatial trend (non-stationarymean). Most

researchershave used local applicationof simple kriging to address the

issue. Venkatram (1988) questions the applicabilityof simple kriging to the

spatial analysis of wet deposition data. He concludes that a primary

assumption in kriging of a stationarymean is invalid when looking at wet

deposition over eastern North America. Other researchers have also noted the

violation and have concluded that the presence of non-stationarity,although

limiting, does not preclude the use of simple kriging locally to obtai_

essentially unbiased estimates. Venkatram states that the local density of

sites is likely to be insufficientfor such local estimation. He proposes an

alternative procedureto deal with non-stationarymean" applicationof a

simple semi-empiricallagrangianmodel to estimate the non-stationarymean,

followed by simple kriging of residuals from the model and observed data. In

addition to removing non-stationarityof the mean, the spatial anisotropy
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observed by others is also likely to be removed. His preliminary study

(Venkatram 1989) shows that the use of a deterministicmodel is likely to

improve (smaller error variance) upon simple krigingwithout the model. Enyon

# (1988) removes non-stationarityof the mean by fitting spatial quadratic

polynomials and then applying simple kriging to the residuals. Venkatram's

approach of using other informationto remove non-stationarityof the mean and

other approaches such as Eynon's deserve additional study.

Annual mean (or median) precipitationchemistry values at a monitoring

site are estimates that have an associated variance. Typically, applications

of simple kriging have related this error to the nugget in the semi-variogram.

Inclusionof a nugget does not explicitly incorporatethe known measurement

error at the monitoring site, since the kriging estimate at a monitoring site

remains the measured value. If spatial correlation is present then nearby

sites contain informationthat should be incorporatedinto the kriging

estimate at the monitoring site. Monitoring site measurement error is

included in kriging analyses used for preparingthe spatialmaps presented in

Section 3.

Several researchers (e.g., Granat 1978, Bilonick 1985, Guertin et al.

1988, Vong et al. 1989, Wampler and Olsen 1987) have questioned the

appropriatenessof direct spatial interpolationof precipitation-weightedmean

concentration and deposition. One issue centers on the non-additivecharacter

of precipitation-weightedmeans when the volume of precipitationis not

constant over the area being estimated. Guertin et al. argue that deposition

and precipitationamount should be spatially interpolatedand then derive

precipitation-weightedmean concentrationby dividing the interpolated

deposition by the interpolatedprecipitationamount. Others argue that the

concentration field has smaller spatial variationthan deposition and

precipitation. Hence its spatial interpolationshould have smaller variance

, estimates. The greater spatialvariation of precipitationis addressed by

using the greater number of precipitationmonitoring stations, rather than

relying solely on precipitationamounts from precipitationchemistry

monitoring sites. Deposition is obtained by multiplying the interpolated

concentrationand precipitationamount. Vong et al. (1989), in a review of

existing literature and availableempirical evidence,conclude that the latter
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approach appears to be preferredwhen North American regional patterns are of

interest. Further research is required, especially if local features in a

spatial pattern are of interest.

Current state-of-the-sciencespatial interpolationmethods applied to

precipitationchemistry data have produced spatial isoplethor mosaic maps

that have similar broad regional patterns but that differ in representationof

local features. Knowledge is insufficientat present to identify a single

best spatial interpolationprocedureor to provide reliable quantitative

associated variance estimates. Furtherstudies are required to address the

issues of data selection, non-stationarityof mean and variance, isotropy

versus anisotropy,incorporationof measurement uncertainty,and direct versus

indirect interpolationof deposition.

1.3 TREND ANALYSIS METHODOLOGyREVIEW

An objective of regional and national network monitoring in North

America is the detection and assessmentof wet deposition trends. The

monitoring network would, optimally,provide a long unbroken series of

measurements,made using the same methods, at regionally representativesites.

The record of data would be sufficientlylong to cover the time period of

interest. For wet deposition, the time period of interest starts in the ea.-ly

1900s until the present. An extended time period would aid in drawing

conclusions by minimizing the likelihood of being misled by short-term trends

or drifts in the data series. Using the same methods for measurement,

minimizes introductionof uncertaintiesat discrete time points due to changes

in protocols. Documentationof changes and overlap of data collected under

new and old procedures are essential. Inferencethat trends found at a site

apply to a larger area require careful study, especially in assessing the

regional representativenessof the site. Preferably,several regionally

representativesites are availablewithin the same region to enable an

assessmentof the consistencyof their trends to be made.

Trend analyses have used a number of alternativemethodologies and data

sets. Investigatorshave used severalalternative methods for trend analysis

at a site, e.g., graphical plots, regression models, time series models, and

nonparametricmodels. Those investigatorswho considered trends at multiple
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sites used several alternativesfor combining informationfrom the sites, e.g.

comparison of spatial patterns across years, comparison of time plots

combining sites,and empirical assessmentof trend results. Investigators

have used alternativemeasures for precipitationchemistry: concentration,

deposition, or change in relationshipbetween concentrationand precipitation

amount (all over some averagingperiod).

A difficulty in comparing availabletrend analyses occurs as a result of

differences in how investigatorsselected sites for study, the time period

included,the trend analysis methodology,and the selected measure for

precipitationchemistry. This sectiongives an overview of some of the

alternative trend analysis methodologies.

1.3.1 Trend Methods for a Sinqle Site

Trend graphical plots are an importantcomponent of trend analysis for

almost all investigators. Plots enable an investigatorto visually assess the

temporal pattern of the data, either leadingto a more formal model or to a

qualitative statementabout the presenceof a trend. Trend plots may be based

on individualwet deposition samples or averaged over a common time (monthly,

quarterly, annual). Plots based on time averaged values reduce the visual

impact of the typical large variation of individual samples, hence increasing

the ability to see seasonal and longer term trends. An alternativeto

plotting averaged values is to enhance time series plots of individual samples

by adding a smoothedmodel (e.g., lowess nonparametricsmooth or regression

model) to the plot to aid the visual detection of a pattern. Schertz and

Hirsch (1985)make effective use of lowess plots to assess trend patterns at

individual sites. Oehlert (1984),also summarized in NRC (1986),used

deseasonalizedtime series plots of monthly volume-weightedconcentrationand

deposition to investigatetrends at Hubbard Brook from 1964 to 1979.

A widely used technique for trend analysis is linear regressionmodeling

on individualsamples, monthly averages,or annual averages. Typically, the

regression model includes terms for a linear long term trend, a cyclic

seasonal trend, and a term that adjusts for a postulated effect due to

precipitationvolume. Each investigatordetermines whether to includethese

effects and, if so, how complicated the model term will be. For example, Dana
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and Easter (1987) analyzed trends for the MAP3S sites from 1976-1983 using

both a simple linear and a simple linear plus a simple sine periodic function

for seasonal effect. Their analyses are applied to individual sample

concentrationswhich are transformed by taking logarithms, to account for the

tendency toward log-normaldistributionsof individual sample concentrations.

Linear trends are determined from the regression coefficient for long-term

trends,with its significancebased on the t-test for the coefficient. Likens

et al. (1984) apply simple linear regression on annual volume-weighted

averages to the Hubbard Brook data. The trend is computed as the change in

annual weighted average, and standard errors for the trends are computed

without accounting for autocorrelationbetweenyears. Oehlert (1985) notes

that multiple regression analyses typically ignore autocorrelation,resulting

in standard errors being calculated without appropriatelymodeling the error

structure.

Time series techniquesmodel the data as in regression, but the

residuals are allowed to be autocorrelated. Hidy et al. (1984) estimated

parametric autoregressivemoving average (ARMA)models for lag twelve

differences in monthly concentrationsfor trend analyses of the USGS

precipitationchemistrynetwork in New York. Differencing by lag twelve

removes seasonality and the residuals are modeled as a constant plus an ARMA

processresidual, the constant be!ng the average trend per year. Oehlert

(1984) investigatedtrends for Hubbard Brook monthly volume-weightedaverage

concentrationsand deposition. Seasonal influenceswere eliminated by

subtractingfrom each monthly value the mean of the time series for that

month. Trends were determined (essentially)by ordinary least squares

regression,but the standard errors of the trends are adjusted for the

presence of autocorrelationin the residuals. Bilonick and Nichols (1983)

approach trend analysis of the USGS data by concentratingon finding a

stationaryautoregressiveintegratedmoving averagemodel that adequately •

describes the data. If one can be found, the data are assumed to be

stationaryand the mean is determined to be a constant, i.e., no trend is
4

present. Oehlert (1985) has criticized this approach.

Schertz and Hirsch (1985) introduceda nonparametrictrend analysis

method, termed Kendall seasonal tau (KST), in their analysis of trends in
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weekly NADP/NTN wet deposition data from 1978-1983. Hirsch et al. (1982) and

Hirsch and Slack (1984) developed the method for examiningtrends in surface

water quality. The method has two parts, a test for trend based on Kendall's

tau and an estimate for trend based on Sen's median slope estimator. The

trend estimate is very resistantto outliers and can be estimated in the

presence of missing values. The original KST method does not account for

autocorrelation,but the modified test does. The latter requires a longer

time series (approximately10 years of monthly data) and autocorrelationthat

is not too strong. Barchet (1987) presented a trend analysis based on KST for

sites operating during 1978-1984from several North American wet deposition

networks . Recently, similar analyses have been completed by Olsen (1989) and

Simpson and Olsen (1990) and form the basis for the trend analysis in this

report.

1.3.2 Trend Assessment for Networks of Site_

Determir:tionof trends at individualsites is only one aspect of trend

assessmentfor North America. Individualsites may reflect influences of

local impacts (e.g., changes near the site in emissionsor land use) and not

reflect trends in the surroundingregional area. Current wet deposition

networks have time series data for many sites availablefor assessment of

regional and national trends. Investigatorshave used several alternative

methodologiesto assess regional trends: changes in distributionof annual

concentrationfor a set of sites, comparison of annual spatial patterns, and

qualitativeanalysis of trend results from a set of individual sites.

Rodhe and Granat (1984) summarizedmore than 25 years of data on sulfate

in precipitationfrom the European Air Chemistry Network for assessment of

seasonal and long term trends. With data available from 50 to 100 stations,

they assessed long term trends using annual values for individual sites and

using time series plots that graphically presented summaries across groups of

' sites. For each group of sites, the 2Sth, 50th, and 7Sth percentile across

sites for a five-year averagingperiod were plotted to visually assess

presence of trends. Olsen (1989) and Simpson and Olsen (1990) used a similar

approach to present trends in annual concentration and deposition for subsets

of North American sites. A time series of boxplots are constructed that

summarize annual distribution for sets of sites to visually assess changes
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(trends) in distributionover time (see Appendix A for examples). Although

this approach summarizes a large amount of data and presents it graphically,

it only allows a qualitative assessmentof patterns and is likely to be

effective in detecting trends when the trends are substantialcompared to

interannualvariation within a site and consistent across sites. The approach

does not remove differences in mean level between sites, hence annual

distributionsreflect this variation.

Another approach to assessingtrends, or changes, in annual

concentrationand deposition for network of sites is to compare the spatial

patterns determined for different periods. Likens and Butler (1981)

investigatedtemporal trends in precipitationacidity in eastern North America

during 1955 to 1976. They determined the spatial pattern for three different

time periods: 1955-56, 1965-66, and 1975-76 and qualitatively assessed

differences among the patterns. Having the data for the three periods

collected by three different organizationsand having the number and locations

of the sites different for each period, limits the ability to assess, even

qualitatively,the presence of trends. Using data available from North

American networks operating during 1980-1984, Seilkop and Finkelstein (1987)

compared changes in annual spatial patterns of sulfate, nitrate, and hydrogen

ion concentrationand deposition. They used a consistent methodology to

calculate annual averages, to determinewhich sites to include each year, and

to estimate and display the spatial pattern for each year. In addition to

qualitativelyassessingdifferences in patterns, they developed a method,

based on kriging standard errors, to quantitativelydetermine regions of

change between two years. Eynon (1988) completed a similar qualitative

comparison across 1979-1983 for eastern North America using data from the

UAPSP network. Spatial and temporaltrends were estimated and subtracted from

the annual values before the correlationstructure of the residuals was used

to estimate the semi-variogramfor the kriging analysis. Bilonick (1985)

estimated space-time semi-variogramsof sulfate deposition data collected by

the USGS during 1965-1979 in New York state and used them to determine the
4

annual sulfate spatial patterns over New York. A qualitativeapproach was

used to assess changes in patterns.
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Trend assessment for multiple sites can also be approached by first

completing a trend analysis for each site and then combining the trend results

to determine regionalor national consistency. Schertz and Hirsch (1985) used

this approach to summarize their Kendall seasonal tau analyses of NADP/NTN

sites. They tabulated and discussed the number of sites with increasing and

decreasing trend estimates and with statisticallysignificant increasing and

decreasing trends. Olsen (1989) and Simpsonand Olsen (1990) used boxplots of

trend estimates for all sites and geographicdisplays of trend estimates to

summarize trend analysis results. A qualitativeassessment for regional

consistencywas included. Further research is needed in combining trend

results from individualsites, or in determiningan alternativeapproach.
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2.0 DATA PREPARATIONAND ANALYSIS_ETHODOLOGY

The purposeof this sectionis to statethe sourcesof the wet

depositionmonitoringdata,to describethe data qualityand summarization

procedures,to definethe site selectionprocessfor spatialand temporal

patternanalyses,and to describethe spatialand temporalmethodologiesthat

are applied.

2.1 SOURCESOF WET DEPOSIT_LO_LP__.IA

Federal,state,and localagenciesand privateindustriessupport

networksof sitesfor the collectionand chemicalanalysisof precipitation

samples. The data in this reportare from regionaland nationalnetworksthat

contributedata to the AcidDepositionSystem(ADS)(Watsonand Olsen1984)

for statisticalreportingof NorthAmericanwet depositiondata.

The spatialand temporalpatternanalysesincludedata from six regional

networks(Table2.1):

• The Multi-StateAtmosphericPollutionand PowerProductionStudy (MAP3S)

initiatedthe MAP3Sprecipitationchemistrynetwork(MAP3S/PCN)in 1976

with four sitesin the northeasternUnitedStatesto beginresearchon

the scavengingof pollutantsby precipitation,lt was the first

wet-deposition-only,eventSamplingnetwork.

• The NationalAtmosphericDepositionProgram(NADP)established,in 1978,

a weeklysamplingnetworkto monitortrendsin precipitationchemistry

in the UnitedStates. The NADPwas created,in cooperationwith

federal,state,and privateagencies,to conductresearchon atmospheric

depositionand itseffects. In 1982,the NADP assumedresponsibility

for coordinatingthe operationof the NationalTrendsNetwork(NTN)of

the federally-supportedNationalAcid PrecipitationAssessmentProgram

' (NAPAP). The mergednetworksnow have the designationNADP/NTN.

• UtilityAcid PrecipitationStudyProgram(UAPSP)beganin 1978as a nine

site dailysamplingresearchnetworkinitiatedby the ElectricPower

ResearchInstitute(originallythe EPRI/SUREnetwork)and expandedto 22

sitesin 1982underthe UtilityAcidPrecipitationStudyProgram,giving
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broader regional coverage. On December 31, 1987, the UAPSP network

ceased operation, and most of the same sites or ones near the UAPSP

sites, together with a few other sites, began operation as the

Operational Evaluation Network (OEN) on January i, 1988. ,

• The daily Canadian federal network, CAPMoN, was formed using sites from

two previous networks as a base: the Canadian Network for Sampling Acid

Precipitation(CANSAP, 1977-1985)and the Air and Precipitation

Monitoring Network (APN, 1978-1985).

• In 1980, Ontario establishedtwo networks as part of the Acidic

Precipitationin Ontario Study (APIOS). The cumulative network,

APIOS-C, with a four-week sampling period is designed to determine the

long-termdeposition pattern in Ontario. The daily network, APIOS-D, is

designed to define the sector of origin of the ion species as well as

the frequency and intensityof acidic deposition episodes.

A summary of the number of sites operated by each network from 1979 to

1988 is presented in Table 2.2. For the purposes of this table, a site is

considered to have operated during a year if one or more samples were

collected at some time during the year. Hence sites are included that

operated only a portion of the year because they were either terminated or

started during the year. The total number of sites increasedfrom 69 in 1979

to 331 in 1988. The implementationof the NTN and expansion of the NADP

network is responsible for most of the growth in the United States. The

initiationof the APIOS and CAPMoN networks in 1980 and 1983 accounts for most

of the growth in Canada.

A site is considered to have operated a full year if precipitation (not

necessarilyprecipitationchemistry) is monitored for at least 90% of the

year. Only sites operating a full year can be considered as sites that may

provide data for an annual summary. The number of sites operating a full
J

year(Table 2.3) increased from 50 in 1979 to 293 in 1988. Figure 2.1 gives

the location of sites operating a full year in 1988.
i
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TABLE 2.!.. Wet Deposition MonitoringNetworks in the United State
and Canada that ContributedData to the ADS

Number
Network Start of Sites Sample

, AbbreviatioI_ Network Name Date in 1988 ....Type

MAP3S/PCN MAP3S Precipitation 1976 g Daily(a)
Chemistry Network

i

NADP/NTN National Atmospheric iglB 209 Weekly
Deposition Program/
National Trends Network

UAPSP/OEN(b) Utility Acid Precipitation 1978 29 Daily(a)
Study Program/
Operational EvaluationNetwork

CAPMoN/APN(a) Canadian Air and Ig7B 28 Daily
PrecipitationMonitoring
Network

(d)
APIOS-C Acidic Precipitation 1980 37 Monthly

in Ontario Study -
Cumulative Network

APIOS-D Acidic Precipitation 1980 19 Daily
in Ontario Study -
Daily Network

(a) Daily or duration of precipitationevent, whichever is greater.

(b) UAPSP sites prior to 1981 were part of the EPRI/SURE network. The UAPSP
network ceased operation on December 31, 1987; on January I, 1988 most
of the same sites or ones near to the present UAPSP sites, together with
a few other sites, began operationas the Operational Evaluation
Network.

(c) Some CANSAP and APN sites were transferred to CAPMoN during the period
1983 to 1985; before 1983, CANSAP and APN operated as separate networks.

(d) Sampling interval changed from calendar month to 28 days in January
1982.
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TABLE 2,_. Number of Sites Operated by Network, from 1979 to 1988

Network _ 1980 _ _ 198.___331984198___.55_ 1987198_.._._8

NADP/NTN 3_ 82 100 113 148 183 195 206 205 209
MAP3S/PCN 8 8 9 9 9 9 9 9 9 9
UAPSP/OEN 18 10 21 22 25 27 26 25 31 29
CAPMoN 4 6 6 9 18 19 24 24 25 28
APIOS-D 0 8 16 16 16 17 15 17 15 19
APIOS-C 0 30 35 36 38 38 37 38 37 37

Total 69 144 187 205 254 293 306 319 322 331

TABLE 2_3. Number of Sites, by Network, that Monitored Precipitation
More than 90 Percent of Year from 1979 to 1988

.Network _ _ _ _ 19B31984 _ 198619871988

NADP/NTN 19 36 73 89 102 136 179 187 181 193
MAP3S/PCN 8 8 9 9 9 9 9 9 9 9
UAPSP/OEN 18 6 6 21 20 21 23 23 23 22
CAPMoN 3 4 5 6 7 17 18 18 20 21
APIOS-D 0 0 12 16 16 15 14 15 14 13
APIOS-C 0 0 29 33 32 34 30 35 35 35

Total 48 54 134 174 186 232 273 287 282 293

2.2 DATA QUALITY AND SUMMARIZATIONPROCEDURES

Each network has its own set of specific protocols for selecting site

locations, field operation procedures,laboratory analysis procedures, and

data screening procedures. Networks implementthese protocols to ensure that

the collection,laboratory analysis,and reporting of wet deposition data is

consistent and of known quality. Each network included in this report has and

implementsa quality assurance program. However, even with careful attention,

some samples must be declared invalid because of the vielation of some aspect

of the protocol that affects the sample's representativenessof the

precipitationchemistry. The calculation of concentrationand deposition

summaries should not use these invalid samples. The current study applies the

valid sample criteria discussed in Olsen et al. (1990). A

The spatial and temporal analyses use precipitation-weightedmean

concentrationand total wet deposition for an ion species to characterizewet

deposition during the period summarized. The periods summarized are annual
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and seasonal (three months, December I to March I for winter and June I to

September i for summer) for spatial analyses and four-weeklyand annual for

temporal analyses. The precipitation-weightedmean concentration is

calculated as a weightedaverage of the valid sample ion species'

concentrationwith the weight being the correspondingrain gage precipitation

depth divided by the sum of rain gage precipitation in valid samples. Total

wet deposition is the product of the precipitation-weightedmean concentration

and the total precipitation,as determined by the rain gage, during the

period. Olsen et al. (1990) give additional details of the calculation

procedures.

Although calculation of an annual, seasonal, or four-weekly summary

based on valid data is possible for a site that operated during the summary

period, this does not imply that sufficient valid data for the period are

present to ensure a meaningful, i.e., representative,summary. The Unified

DepositionDatabase Committee (UDDC) (Olsen et al. 1990) defined five

quantitativedata completenessmeasures and assigned thresholds to each of the

five criteria. The following questionsconcerning data completenessand

• temporal representativenessmotivated the measures: for what portion of the

summary period is the occurrence and amount of precipitationknown?; what

portion of the precipitationvolume collected is associatedwith valid

deposition samples?; what percent of the time and what percent of the samples

collected are associatedwith valid samples?; and, what is the ratio of the

wet deposition sample volume to the precipitationmeasured by a standard gage?

The applicationof the measures, and at what threshold, depends on the

requirementsappropriatefor a study.

The ADS 1987 data summary report by Erb, Simpson and Olsen (1989)

discusses the UDDC data completenessmeasures and criteria. Application of

the UDDC criteria significantlyreduces the number of sites available for

defining the temporal or spatial pattern of wet deposition. Although the UDDC

criteria are reasonable in the sense that a site meeting a network's protocol

would be expected to exceed them, the criteria are in fact very strict. For

example, an annual summary must meet minimum threshold levels for each of the

five data completeness measures not only for the entire annual period but also

for each of the four quarters within the annual period.' The primary
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requirements are that precipitation monitoring cover at least 90% of the

period (annual and each quarter) and that valid chemistry data be available

for at least 60% (50%) of the annual (quarterly) precipitation measured.

Table 2.4 lists the number of sites by network that meet the UDDCdata

completeness criteria for annual summaries of sulfate from 1979 to 1988. The

number of sites meeting the UDDCcriteria increased from 39 in 1979 to 191 in

1988. Figure 2.1 shows the location of the subset of sites operating a full

year that met the UDDCcriteria for 1988 annual sulfate summaries. In 1988,

65% of sites operating a full year met the UDDCcriteria for annual sulfate

summaries. This is a reflection of the strictness of the criteria, especially

for networks with a weekly or four-weekly sampling period. The number of

invalid samples occurring during the first quarter (January I to April I) is

the most frequent cause for a site to fail the UDDCcriteria, i.e.,

application of the quarterly criteria for all quarters, lt should also be

noted that in 1987 a number of sites failed to meet the UDDCcriteria for

annual sulfate summaries because of a laboratory analysis problem, lt is

reassuring that the quality assurance programs do indeed work and suspect data

is removed. However, this additional loss of data points out one of the

difficulties with long-term studies: over a long enough period of time, there

will be gaps in the data which make the analysis of the data much more
difficult.

TABLE 2.4. Number of Sites, by Network, Meeting the Unified Deposition
Database Committee Annual Summary Data Completeness Criteria
for Sulfate from 1979 to 1988

Network 1979 1980 1981 1982 198___.3319841985 1986 1987 1988

NADP/NTN 16 26 53 60 71 85 101 115 101 134
MAP3S/PCN 5 7 8 9 8 9 9 9 9 9
UAPSP/OEN 16 6 6 21 20 18 19 21 0 0
CAPMoN 2 2 3 4 4 11 11 17 13 13
APIOS-D 0 0 0 0 I0 10 11 II 10 13
APIOS-C 0 0 I0 14 22 21 20 22 21 22

Total 39 41 80 108 135 154 171 195 154 191

The selection of sites for temporal pattern analyses uses a relaxed

criteria for selection of a representative summary based on the data
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completenessmeasures. The criteria are a compromise between ensuring each

summary is based on very complete data, i.e., meet the UDDC criteria, and

increasingthe number of sites available for temporal pattern analysis.

¢

2.3 SELECTION OF SITES FOR SPATIAL AND TEMPORAL PATTERN ANALYSES

Site selection is similar for the networks and is based on criteria for

regional representativeness. A regionally representativesite is one at which

the precipitationchemistry is free from the influenceof local pollution

sources. An example of typical criteria specific to NADP/NTN is given by

Robertson and Wilson (1985) and Bigelow (1984). A joint United States and

Canadian committee, the Unified Deposition Database Committee, consolidated

network criteria for regional representativenessinto a single set of criteria

(Olsen et al. 1990). In an analysis of sites with data in the ADS in 1988,

the UDDC rated 39% of the sites as being regionally representative;57% as

marginally representative,often because those sites were in regions of high

emission density where it isdifficult to locate sites sufficientlyfar from

all pollution sources; and 4% as unrepresentativeof regional wet deposition.

The current report does not exclude any site solely on the basis of being

regionally unrepresentativeas defined by the UDDC. For purposes of this

report, adherence to individualnetwork siti_ngprotocolswas deemed a

sufficient measure of representativeness.

2.3.1 Temporal Pattern Sites

A primary consideration in selecting a site for temporal pattern

analysis is the continuous operation of the site for the entire period of the

analysis. Preferably,the site would also meet the UDDC data completeness

criteria for each year during the period. Applying these criteria severely

restrictsthe number of sites available for temporal pattern analysis covering

seven or more years. Since the objective of the data criteria is to aid in

identifyingsites with good quality data, an alternative approach based on a

relaxedcriteria applied to multiple years is developed.
I

The modified Kendall seasoral tau (KST) statisticaltrend analyses uses

the four-weekly summariesand the method allows missing data. Thus a site was

only required to operate from 1979 (or 1982) to 1988 for inclusion in the ten
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(or seven) year trend analyses. For the 10-yeartrend analyses there are 35

sites (TableA.I) and for the 7-year trend analyses there are 137 sites (Table

A.2) that have been operating during the respective time periods. The

a location of the sites in each of the subsets is presented in Figure 2.2. A

four-weeklydata completeness is applied to each four-weeklysummary for each

of tllesesites. The criteria requires precipitationmonitoring to cover at

least 75% of the period and at least 60% of the _)recipitationmeasured during

the period must be associatedwith valid data. For the 10-year subset,

dependingon the ion species, there are generally over 105 four-weekly

periods, out of 130 total periods, included in the analyses for 30 of the 35

sites. Davis, California (ADS ID 01009a) had the fewest valid four-weekly

summaries, between 77 and 81, dependingon the ion species. The lack of rain

in the summer at Davis accounts for many of its "invalid" summaries. A sample

with no precipitationcan be a valid sample. However, if there is no

precipitationover a summary period, it is impossibleto calculate a

precipitation-weightedconcentrationand thus the summary is designated

"invalid"for this report. For the 7-year subset, depending on the ion

species, there are generally 85 or more four-weekly periods, out of 91 total

periods, included in the analyses for 120 of the 137 sites.

The temporal pattern analyses also compare the annual summaries of the

sites across years. These comparisonsrequire that the sites have complete

data for all the years. Therefore, a _ite is required to have valid samples

in at least 10 four-weekly periods in every year and additionallyat least 8

four-weeklyperiods in every year satisfy the four-weeklydata completeness

requirementdescribed above. For the 35 ten-year trend sites, 20 sites have

annual summaries for all ion species, 11 more sites have annual summaries for

most of the ion species, and 4 sites have no annual summaries. For the 137

seven-year trend sites, 78 sites have annual summaries for all ion species, 26

more sites have annual summaries for most of the ion species, and 33 sites

have no annual summaries. Tables A.I and A.2 indicatewhich ion species for

each site had annual summaries, for the 10-year and 7-year subsets,

respectively.
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2.3.2 Spatial Pattern Sites

The report presents 30 mosaic maps of hydrogen, sulfate, nitrate,

ammonium,and calcium wet deposition spatial patterns for 1988 annual and

seasonal (winter and summer) summary periods. For each ion species, maps of

both precipitation-weightedconcentration and total wet deposition are

presented,except hydrogen where precipitation-weightedpH is presented in
4

place of concentration. The maps use a separate selectionof sites for each

ion and summary period based on the UDDC data completenesscriteria. As an

example, the number of sites used to create the 1988 annual sulfate

concentrationand depositionmosaic maps is 191 (Table 2.4). Tables A.3 and

A.4 give the number of sites which meet the UDDC data completeness criteria

and the frequency distributionpercentiles for these sites, by ion species and

summary period.

2.4 SPATIAL ESTIMATIONMETHODOLOGY

Mosaic maps illustratethe spatial distributionof precipitation-

weighted mean concentration(or pH) and total wet deposition for the United

States and southeasternCanada in 1988. Such maps provide a good visual

display of the general features of the spatialdistribution, e.g., location of

spatialmaxima and general orientation of regionswith high concentration or

deposition. The purpose of the maps is to convey the general features of the

spatial pattern; not to interpolatemonitoring data to non-monitored site

locations. This section provides a description of the methodology used to

prepare the maps.

Preparationof mosaic maps involves: (I) selection of sites that meet

data completenesscriteria, (2) estimation of the spatial surface based on the

selected sites, and (3) display of the estimated surface by use of gray-scale

shading of hexagons. Using alternative procedures for any of the three steps

• can result in mosaic maps that differ. For reasonable alternatives,detailed

features of the maps will differ but overall general features will remain

similar. The maps presented should be viewed with this in mind.

Estimating the spatial distributionof an ion species' concentrationor

deposition (annualor seasonal) is a problem of estimating a spatial surface
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by interpolationbetween measurement sites, lt is assumed that spatial

correlationexists among the sites, thus the estimation technique should take

this into consideration. Additionally,it is assumed that the spatial

correlation is a function only of the distance between sites. Kriging (a

member of a family of geostatisticalestimation procedures) is a surface

estimation technique that explicitly utilizes this assumption, lt uses the

relationshipbetween inter-sitecorrelation and distance, modeled from the

data, to determine the weights that are applied to measured site values in

estimating the surface at any location, lt also provides an estimate of the

interpolationerror, but this is not considered in this report. This

applicationuses simple kriging, i.e., assumes that there is no deterministic

drift, lt has been used in environmentalstudies and has been used to analyze

spatial patterns in acid precipitationdata (Bilonick 1983; Eynon and Switzer

1983; Finkelstein and Seilkop 1981; Finkelstein 1984; Olsen and Slavich 1986;

Vong et al. 1989).

Often kriging uses a "nuggeteffect" to describe the within-site or

short distance variability. This nugget appears as a jump discontinuity at

the origin of the variogram, a device used to assess the relationshipbetween

inter-sitecorrelation and distance and the overall variabilityof the

phenomenonof interest. The consequenceof using the nugget effect is to say

that the annual summary at a site is measured without error and the kriging

algorithmwill interpolatethe value at the site to be its annual summary

("exact" interpolation). An alternativeapproach is to estimate the

within-sitevariability from informationat the collocated sites and set the

nugget effect to zero. When the within-site variability is used, kriging is

no longer an exact interpolator. Thus the interpolatedvalue at a site is not

its annual summary. The kriging algorithmnow takes into account the

within-site variabilityand the values of nearby sites in interpolating at a

location that has an annual summary. The alternativeapproach is used in this

report.

Since western and eastern North America have distinctively different

levels of wet deposition for many of the ion species considered, the

estimation and display of the surface are done separately for these two

regions. The regions are partitioned between Texas and Louisiana, in the
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south, and between the Dakotas and Minnesota, in the north. The variogram

model used in simple kriging is estimated using sites only in the appropriate

regions. However, the estimates produced by simple kriging used the eight

# closest sites to the hexagon's center, regardless of the regions.

Mosaic maps display the surface estimated by the kriging procedure.

Estimates of the surface are made on a grid of hexagon centers The hexagons

have an area of 2,670 squared kilometers. A lambert conformal conic map

projection, that is nearly distance preserving, defines the coordinate system

for the grid. The western region consists of 1875 hexagons while the eastern

part consists of 1833 hexagons (1317 within the United States). The gray

scale used in the maps is based on the percentiles from the frequency

distribution of the estimates associated with the hexagons in the eastern and

western regions of the United States.

2.5 TEMPORALPATTERNMETHODOLOGY

The intent of the temporal pattern methodology is to determine the

year-to-year characteristics of precipitation-weighted mean concentration and

total wet deposition temporal patterns from 1979 (or 1982) to 1988. The

characteristics apply only to the period studied and do not imply either the

presence or absence of any long-term trend. Ten (or seven) years is not a

sufficient number of years to address the issue of long-term trends.

The methodology includes two basic, and fundamentally different,

approaches: graphical displays of annual data and statistical trend analysis

of four-weekly data. Boxplots, defined below, graphically display percentiles

of annual data from a subset of trend sites for each year in either the ten or

seven year period. Visual inspection of boxplots across years provides a

visual assessment of annual temporal patterns during the period. Application

of a modified Kendall seasonal tau trend statistical test and Sen's median

slope estimation procedure to four-weekly data provide estimates of a general

temporal pattern change over the entire period.

As discussed in Section 2.3.2, the statistical estimation procedures

allow missing four-weekly summaries for a site, so 35 sites are used in the

1979-1988 period and 137 are used in the 1982-1988 period. However the

graphical displays of annual data required complete and representative data
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for all years in the period, thus the number of sites used is reduced and

different for each ion species.

Boxplots simultaneously display several features of a set of data.

Figure 2.3 illustrates the definition of the boxplot as applied in this

report. Each boxplot presents the 5th (or 10th), 2Sth, 50th (median), 75th,

95th (or 90th) percentiles of the data from a set of sites, The plots display

all sites more extreme than either the 5th (10th) or 9Sth (90th) percentiles.

In some boxplots, very extreme data values are truncated and plotted above the

plot boundary. Boxplots for the 1979-1988 period had at most 35 sites, so the

lOth and 90th percentiles are shown, while the 1982-1988 period had at least

78 sites, so the Sth and 9Sth percentiles are shown. The boxplots include a

shaded rectangle to display the 95% confidence interval for the median. The

upper portion of a boxplot depicts the pattern of high concentration or

deposition sites or of sites with most positive (or nearly positive) "trend",

depending upon the type of data displayed by the boxplot. The lower portion

of a boxplot depicts the pattern of low concentration or deposition sites or

of sites with most negative "trend", depending upon the type of data displayed

by the boxplot.

Hirsch et al. (1982) developed the Kendall seasonal tau test for trend

detection in the presence of constant length cycles or seasonal effects. The

test accommodates missing, tied, or limit of detection data values.

Furthermore, the validity of 'the test does not require the data to be normally

distributed. The test consists of computing the Mann-Kendall test statistic

for year-to-year change separately for each season and combining these

seasonal test statistics into a single statistic that can be tested for

statistical significance. A limitation of this test is that it assumes that

the seasons are independent. Hirsch et al. (1982) showed that when the

seasons were not independent the rate of false positive results increased.

Dietz and Killeen (1981) developed a similar multivariate test for

monotone trend based on Kendall_s tau statistic. They developed a covariance

matrix for a multivariate Kendalls tau statistic. The incorporation of the _

covariance matrix alleviates the problems from dependence. Dietz and

Killeen's alternative hypothesis, restated in the context of seasonal trend
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analysis, is that one or more seasons have a trend, but tlle trend need not be

in the same direction for all seasons. Although they included ties in their

statistic, missing values are not incorporated.

Hirsch and Slack (1984) extended the approach of Dietz and Killeen to

include missing data. Additionally, their alternative hypothesis is that the

trend for all seasons is either monotone increasing or decreasing. This

change in alternative hypothesis probably accounzs for the increased power

that Hirsch and Slack observed for their test when compared to the Dietz and

Killeen test. However, in their test, if some seasons are increasing and

other seasons are decreasing, thenthe sum over all seasons would be zero and

thus insignificant. The Hirsch and Slack approach is the modified KST test

that is used in this report.

The seasons used in the modified KST test are the 13 four-weekly

, precipitation-weighted mean concentrations or total wet deposition values

potentially available from each year. These periods are chosen to coincide

with the four-weekly sampling schedule of the APIOS-C network. The NADP/NTN

network sampling schedule is weekly and its week begins on the same day of the

week that APIOS-C starts a new sampling period. The other networks are daily.

Therefore, the four-weekly summaries are comparable across sites and networks.
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The modified KST test is still being repeated across a large number of sites,

35 sites in the 197g-1988 period and 137 sites in the 1982-1988 period, thus

the possibility of false positives is still large. If there is no trend and

the tests are independentwith a significancelevel of 5% (5% chance of a

false positive result for one test), then for 35 sites there is a 2.9% chance

of having 5 or more false positives and for 137 sites there is a 82% chance of

having 5 or more false positives.

An estimate of the magnitudeof the trend is given by Sends median slope4

(Gilbert1987). The median slope of all possible seasonal pairs of values

gives an estimate of the annual change. A nonparametricconfidence int(_rval

can also be computed using the covariance matrix discussed above. Senls

median slope is related to the KST test, thus a significantmedian slope

usuallyoccurs when the KST test also indicates a significanttrend.

Two different approaches summarizethe modified KST test and Sen's

median slope across sites in each trend period for each ion species. The

first approach gives percentile summaries across sites for the slope estimates

for an ion species' concentrationor deposition analysis. Boxplots display

the percentiles. The text discusses sites with extreme slope estimates.

The second approach displays the slope estimate for a site on a map of

North America. The angle of a constant length ray is proportional to the

magnitude of the slope estimate. A vertical ray represents a zero slope

estimate. Positive slopes are representedby rays that point to the right and

negative slopes are representedby rays that point to the left. A horizontal

ray either to the left or the right represents the minimum or maximum slope

depending on which has the largest absolute value. The direction of the rays

are scaled to the largest absolute value. The purpose of the map display is

to show all the slope estimates relative to their spatial location and to look

for consistent regional patterns in temporal pattern changes by locating

regionswith consistent ray angles for all sites in the region. In addition

to displaying the slope estimate, a solid symbol at the base of the ray

identifiesthe sites with a modified KST test result significantlydifferent

from zero at the 5% significancelevel.
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3,0 INDIVIDUALION SPATIALAND TEMPORALPATTERNS

This sectioncontainsdescriptivestatisticalsummariesand analysesof

wet depositionspatialand temporalpatternsfor individualions. For

hydrogen,sulfate,nitrate,ammonium,and calciumions,the descriptiongives

an overviewof 1988 annualand seasonal(winterand summer)spatialpatterns

' in termsof precipitation-weightedconcentration(excepthydrogen,wherepH is

used) and deposition.Temporalpatterninformationis presented for nine

ions,the five ions aboveplus chloride,sodium,potassiumand magnesium,

Additionally,the annualtotalprecipitationis considered.This information

is presentedusinggraphicaldisplaysof annualprecipitation-weightedmean

concentrationand depositionand a statisticalanalysisbased on a modified

Kendallseasonaltau trendtest. The modifiedKendallseasonaltau trendtest

uses a subsetof 35 long-termsites (see TableA.I) over a 10-year(1979-1988)

periodand an expandedsubsetof 137 sites(seeTableA.2) with greater

spatialcoverageover a /-year(1982-1988)period. The graphicaldisplaysof

annualsummariesuse subsetsof the sitesin the 10-yearand 7-yearperiods.

The 10-yearperiodrepresentsthe longestperiodwith wet deposition

monitoringdata availablethat has a sufficientnumberof siteswith data of

knownqualityto allowa descriptivesummaryof annualtemporalpatternsto be

produced. The 7-yearperiodrestrictsthe numberof years in orderto

increasethe numberof sitesavailablewith data of knownquality. Section2

describesthe site selectionand data summarizationprocedures,the spatial

patternmethodology,and the temporalpatterngraphicaland statistical

analysismethodology.

This sectionis organizedas follows. First,a briefoverviewof

emissiontrendsis presentedto providea contextfor the interpretationof

the depositiontemporalpatterns. Then the 1988 annualand seasonalspatial

patternsfor precipitation-weightedconcentrationand depositionare

presented. Finally,the temporalpatternsfor each of the ions are presented.

Patternsthat are commonto multipleionsare discussedin Section4.0.

' Ratherthan interspersethe many figuresand tablesused to supportthe

descriptions,most figuresand tablesfor this sectionappearin AppendixA.
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3.1 EMISSION TEMPORAL PATTERNS 1978-1988

The temporal pattern of emissions for total suspended particulates

(TSP), sulfur oxides, nitrogen oxides and volatile organic compounds provide a

context for the interpretation of wet deposition temporal patterns.

Nationwide temporal patterns in emissions indicate whether emissions are

generally increasing or decreasing nationally, but give no informationon

regional differences in emission temporal patterns.

Nationwide TSP emissions (EPA 1990) decreased from approximately8.9 to

6.9 million metric tons pbr year between 1979 and 1988 (Figure 3.1). This

approximately22% decrease is primarily from industrial processes and fuel

combustion source categories. Sulfur oxide emissions (EPA 1990) decreased

from approximately24.8 to 20.7 million metric tons per year between 1979 and

1988 (Figure3.2). This approximately17% decrease reflects the installation

of flue gas desulfurizationcontrols at coal-fired electric generating

stations and a reduction in the average ;ulfurcontent of fuels consumed.

Nitrogen oxide emissions (EPA 1990) decreased from approximately 21.6 to 19.8

million metric tons per year between 1979 and 1988 (Figure 3.3). This

approximately8% decrease reflects a decrease in vehicle emissions

(transportation). Emissionsof volatile organic compounds (VOC) (EPA 1990)

decreased from approximately22.4 to 18.6 million metric tons per year between

1979 and 1988 (Figure 3.4). This approximately17.0% decrease is primarily

from transportationand industrialprocesses source categories.

The TSP, sulfur oxide, nitrogen oxide and VOC temporal patterns are

decreasing. However all these patterns have an increase in 1984 and nitrogen

and sulfur oxides increase in 1988. The increase in sulfur and nitrogen

oxides emissions between 1987 and 1988 is due to increased industrial

activity.

3.2 1988 SPATIAL PATTERNS

Mosaic maps, Figures A.I through A.15, display the surface estimated by

the kriging procedure described in Section 2.4. Estimates of the surface are

made on a grid of hexagon centers. The hexagons have an area of 2,670 squared
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kilometers. The eastern and western parts of the maps are estimated and

displayed separatelybecause the magnitude of wet deposition is generally much

larger in the east. The western part consists of 1875 hexagons while the

eastern part consists of 1833 hexagons (1317 within the United States). The
h

gray scale used in the maps are based on the percentiles from the frequency

distribution of the estimates for each part.

The 1988 annual and seasonal precipitation-weightedconcentrationsand

total depositionsfor the sites used to generate the mosaic maps are

summarized in Table A.3 and Table A.4, respectively. The frequency

distributionpercentilesof the estimatedprecipitation-weightedconcentration

and total deposition at the center of the hexagons in eastern and western

United States are shown in Table A.g and A.IO, respectively. The relevant

percentilesare also displayed on the individualmosaic maps. Finally, the

location of the sites with the three highest and three lowest values, in the

western and eastern United States and southeasternCanada (shown in the

figures), are given in Tables A.11 through A.15 for hydrogen, sulfate,

nitrate, ammonium and calcium, respectively.

The mosaic maps discussed in this section are based on sites that are

assumed to be regionallyrepresentative. As seen in Figure 2.1, the regions

representedby some sites are quite large. For the maps based on the annual

summaries, there are three states in the west (Nevada, Utah, and North Dakota)

that have no sites and a number of other states with only one site. The

winter and summer seasons have more valid summaries (see Tables A.3 and A.4),

but many sites with valid summer summariesdo not have valid winter summaries,

and vice versa. Therefore, when reading this section or viewing the mosaic

maps the followingmust be kept in mind"

• The smaller the area of a regional extreme, the more likely it is based

on the summary of only one site.

• Comparisons between the summer and winter seasons can be misleading

since the same sites are not in both seasons. The following discussion

points out when this may be the case.

,._
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3.2.1 pH and Hydroqen

The estimated (kriged) 1988 annual spatialpattern in the United States

and southeasternCanada for pH (Figure A.I) has a range of 4.19 to 5.42 in the

east and a range of 4.59 to 5.69 in the west. Approximately 50% of the east "

has pH values which are lower than the lowest pH in the west, 4.59. In the

east, the lowest pH values occur from southeasternIndiana to central Maryland

and north to central New York. The highest pH values in the east occur in

northern Iowa, Minnesota and western Ontario. In the west, the lowest

estimated pH values occur in two separate regions: eastern Kansas, Oklahoma,

and Texas; southeasternArizona and western New Mexico. The highest pH values

in the west occur in one large region: eastern Oregon and northern Nevada to

eastern Montana; and several small regions in California, Texas and Colorado.

The estimated 1988 winter spatial pattern in the United States and

southeasternCanada for pH (FigureA.2) has a range of 4.30 to 5.10 in the

east and a range of 4.57 to 6.37 in the west. Almost 50% of the east has pH

values lower than the lowest pH in the west, 4.57. In the east, the lowest pH

values occur in two regions: western Pennsylvaniaand eastern Ohio; and

southern Ontario and Quebec. The highest pH values in the east occur on the

western and southern boundaries ef the region. In the west, the lowest pH

values occur along the eastern boundary of the region, in Texas along the Gulf

Coast and two isolated spots in Utah and Arizona. The highest pH values in

the west occur in southwesternTexas and southern Idaho.

The estimated 1988 summer spatial pattern in the United States and

southeasternCanada for pH (FigureA.3) has a range of 3.92 to 6.32 in the

east and a range of 4.36 to 6.52 in the west. Again, close to 50% of the pH

values in the east are lower than the lowest pH in the west, 4.36. In the

east, the lowest pH values occur in patches from eastern Indiana and Kentucky

to Cape Cod, Massachusetts. The highest pH values in the east occur in
a

Minnesota and western Ontario. In the west, the lowest pH values occur in

three regions: eastern Kansas and Texas; eastern Arizona and western New

Mexico; and southwesternCalifornia. The highest pH values in the west occur "'

in four regions: eastern Idaho and western Utah; southern Nevada; western

Kansas and North Dakota.
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In the east, the median summer pH value, 4.47, is slilghtly lower than

the median winter value, 4.59. The summer has a much larger range of values,

3.92 to 6.32, than the winter, 4.30 to 5.10. In the east, the most striking

seasonaldifference occurs in the region centered in southwesternOhio.

During the summer, the pH is less than 4.07, while in the winter the pH is

greater than 4.40. This is over a factor of two decrease in hydrogen

concentrationbetween summer and winter in this region. In the west, the

magnitudeof the pH is similar in the summer (5.18 median and range of 4.36 to

6.52) and winter (5.28 median and range of 4.57 to 6.37). In the west, there

is a large local seasonal differenceon the southern California coast, where

the summer pH is less than 4.74 and the winter pH is greater than 5.28, a

Factor of 3.5. Additionally,the state of North Dakota changes from a pH of

over 5.65 in the summer to a pattern of decreasing pH's in the winter, from

5.4 in the west to less than 5.0 in the east. This difference may be due to

the presence of only one site in North Dakota in the summer, and no sites in

the winter.

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for hydrogen ion deposition (FigureA.I) has a range of

0.02 kg/ha to 0.59 kg/ha in the east and a range of 0.01 kg/ha to 0.24 kg/ha

in the west. Well over 50% of the east has hydrogen deposition greater than

the maximum value in the west. In the east, the highest deposition occurs in

eastern Ohio, Pennsylvania,and southern New York. The lowest deposition in

the east occurs in Iowa, Minnesota, Wisconsin and western Ontario. In the

west, the highest deposition occurs in eastern Oklahoma and Texas. The lowest

deposition in the west is in a number of locations from western Nevada,

through Montana and Wyoming and then into western North and South Dakota. The

west's spatialpattern appears to be dominated by a large number of local

extremes in hydrogen deposition.

. The estimated 1988 winter spatial pattern in the United States and

southeasternCanada for hydrogen ion deposition (FigureA.2) has a range of

0.004 kg/ha to 0.123 kg/ha in the east and a range of 0.001 kg/ha to 0.066

kg/ha in the west, with the median (0.008 kg/ha) in the West being almost

eight times smaller than the median (0.059 kg/ha) in the east. In the east,

the highest deposition primarilyoccurs in southern Ontario, and southern
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Illinois, Indianaand western Kentucky. The lowest deposition in the east

occurs in Iowa, Minnesota and Wisconsin. The east's spatial pattern appears

to be dominated by a large number of local extremes in hydrogen deposition.

In the west, the highest deposition occurs in eastern Oklahoma and Texas, and

the Pacific Northwest. The lowest deposition in the west occur from southern

Idaho and southern Montana to the western Dakotas and Nebraska.

The estimated 1988 summer spatialpattern in the United States and

southeasternCanada for hydrogen ion deposition (Figure A.3) has a range of

0.000 kg/ha to 0.260 kg/ha in the east and a range of 0.001 kg/ha to 0.104

kg/ha i- the west, with the median (0.007 kg/ha) in the west being over 14

times smaller than the median (0.100 kg/ha) in the east. In the east, the

highest deposition occurs in regions from eastern North Carolina, Virginia, to

Pennsylvaniaand New York with additionalhigh depositions in Ohio and western

Florida. The lowest deposition in the east occurs in Iowa, Minnesota,

Wisconsin and western Ontario. In the west, the highest deposition occurs in

two regions" eastern Kansas, Oklahoma and Texas; and New Mexico. The lowest

deposition in the west occurs primarily in two regions" northern California;

and southern Idaho, and central Montana.

In both the east and west there are apparent differences in the summer

and winter hydrogen deposition patterns. In the east, almost all of the area

in the winter has depositions that are less than the summer median deposition

of 0.I00 kg/ha. In the summer, there are large areas from North Carolina to

New York and Ohio with depositions greater than 0.205 kg/ha. In the winter,

almost all of this area has depositionsless than 0.084 kg/ha. Additionally,

western Florida has decreased from a deposition of over 0.205 kg/ha in the

summer to less than 0.042 kg/ha in the winter. In the west, the magnitude of

the depositionsdo not change markedly from summer to winter. However the

location of some of the extremes do change. In the summer, New Mexico has a

region with hydrogen deposition over 0.039 kg/ha which during the winter has a

deposition of less than 0.008 kg/ha. The Pacific Northwest has a hydrogen

deposition of over 0.029 kg/ha in the winter and a deposition of less than

0.018 kg/ha in the summer.

The estimated spatial patterns of pH and hydrogen deposition are similar

except for a few regional differences. The annual pH pattern has a low point

3.8



in western New Mexico, which has only a median hydrogen deposition. The

Pacific Northwest has a high winter hydrogen deposition but only a median pH

in the winter. Eastern Illinois, Indiana and western Kentucky have high

, winter depositions but only median pHs. North Carolina and western Florida

have high summer hydrogen depositions and only median summer pH's.

, 3.2.2 Sulfate

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for sulfate ion concentration (FigureA.4) has a range of

0.89 mg/l to 4.90 mg/l in the east and a range of 0.23 mg/l to 2.00 mg/l in

the west, with almost all of the concentrationsin the west being smaller than

the median concentration in the east (1.77 mg/l). In the east, the highest

concentrationsoccur in the southern tip of Ontario, eastern Michigan, Ohio

and western Pennsylvania. The lowest concentrationsin the east occur in

three regions' western Ontario and northern Minnesota; Nova Scotia; and

Florida. In the west, the highest concentrationsoccur in two regions"

eastern Kansas and Nebraska; and southern Texas. The lowest concentrationsin

the west occur in northern California, Oregon,and Idaho.

The estimated 1988 winter spatial pattern in the United States and

southeasternCanada for sulfate iDn concentration (FigureA.5) has a range of

0.68 mg/l to 2.61 mg/l in the east and a range of 0.18 mg/l to 1.93 mg/l in

the west, with over 90% of the concentrationsin the west being smaller than

the median concentration in the east (1.26 m_/l). In the east, the highest

concentrationsoccur in the southern tip of Ontario, western Pennsylvania,

Ohio, eastern Michigan, and central Indiana. The lowest concentrationsin the

east occur primarily in Minnesota, Wisconsin and western Ontario. In the

west, the highest concentrationsoccur in southernTexas. The lowest

concentrationsin the west occur in northern California,Oregon and Idaho.

The estimated 1988 summer spatial pattern in the United States andi

southeasternCanada for sulfate ion concentration (FigureA.6) has a range of

0.88 mg/l to 12.41 mg/l in the east and a range of 0.38 mg/l to 1.79 mg/l in

the west. The large maximum concentration in the east is due to two sites in

Ontario, Wilkesport (15.04 mg/l) and Alvinston (12.81 mg/l), the site with the

third highest concentrationis Oxford, Ohio with 6.16 mg/l, a factor of two
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less. Almost all of the west is less than the 2Sth percentile of the east

(1,65 mg/l). In the east, the highest concentrationsoccur in the southern

tip of Ontario, Ohio and western Pennsylvania. The lowest concentrations in

the east occur in western Ontario and Minnesota. In the west, the highest

concentrations occur in eastern Kansas, Oklahoma and Texas. The lowest

concentrationsin the west occur in Oregon and Washington.

In the east, the magnitudeof the summer sulfate concentrationsare

higher than the wintersulfate concentrations. Almost all of the east has

lower winter concentrationsthan the summer median concentration, 2.19 mg/l.

The summer and winter spatialpatterns are similar. In the west, the

magnitude of the higher concentrationsstay the same from summer to winter,

however the lower concentrationsare two to three times larger in the summer

than in the winter (the 2Sth percentile is 0.96 mg/l in the summer and only

0.33 mg/l in the winter). In the winter the highest concentrationsare in

southern Texas, while in the summer the highest concentrationsare in eastern

Texas, Oklahoma and Kansas. However, the greatest seasonal changes in the

west occur in two areas: southeasternCalifornia, southern Nevada and

northwesternArizona; and northern Colorado and southeasternWyoming; where

the summer concentration is over 1.37 mg/l and the winter concentration is

less than 0.56 mg/l.

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for sulfate ion deposition (FigureA.4) has a range of 6.3

kg/ha to 32.2 kg/ha in the east and a range of 0.8 kg/ha to 16.3 kg/ha in the

west, with the median in the east (17.1 kg/ha) over five times larger than the

median in the west (3.4 kg/ha). In the east, the highest deposition occurs in

the southern tip of Ontario, western Pennsylvania,eastern Ohio and northern

West Virginia. The lowest deposition in the east occurs in western Ontario,

Minnesota, Iowa, and western Wisconsin. In the west, the highest deposition

occurs in eastern Kansas, Oklahoma and Texas. The lowest deposition in the

west occurs in northern California,eastern Oregon, western Idaho, and Nevada.

The estimated 1988 winter spatial pattern in the United States and

southeasternCanada for sulfate ion deposition (FigureA.5) has a ran_e of

0.36 kg/ha to 6.41 kg/ha in the east and a range of 0.10 kg/ha to 4.00 kg/ha

in the west, with the median in the east (2.81 kg/ha) over five times larger
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than the median in the west (0.47 kg/ha). In the east, the highest deposition

occurs in southern Illinois and Indianaand western Kentucky and Tennessee.

The lowest deposition in the east occurs in Iowa, Minnesota, Wisconsin and

, western Ontario. In the west, the highest deposition occurs in eastern Texas

and Oklahoma. The lowest deposition in the west occurs in southern Idaho and

southern Montana, northern Wyoming and the eastern Dakotas.
m

The estimated 1988 summer spatial pattern in the United States and

southeasternCanada for sulfate ion deposition (FigureA.6) has a range of

1.56 kg/ha to 14.88 kg/ha in the east and a range of 0.07 kg/ha to 5.60 kg/ha

in the west, with the median in the east (5.57 kg/ha) over four times larger

than the median in the west (1.22 kg/ha). In the east, the highest deposition

occurs in a number of different regions" southern tip of Ontario, New York,

Ohio, Virginia and North Carolina. The lowest deposition in the east occurs

in two regions" western Ontario and Minnesota; and Arkansas. In the west,

the highest deposition occurs in two regions" eastern Nebraska, Kansas, and

Texas; and southern New Mexico. The lowest deposition in the west occurs in

California,Oregon and southwesternIdaho.

In both the east and west, the magnitude of the sulfate deposition is

greater in the summer than in the winter. In the east the median summer

deposition is 5.6 kg/ha while the winter median deposition is 2.8 kg/ha. In

the west the median summer deposition is 1.2 kg/ha while the winter median

deposition is only 0.5 kg/ha. The spatial pattern in the east changes

dramaticallybetween the summer and winter. In the summer the sulfate

depositionsare greater than 10 kg/ha from North Carolina north through New

York and from Virginia east through Ohio. In the winter, almost all of this
r

region has sulfate depositions less than 3.7 kg/ha. In the west, New Mexico,

with sulfate depositionsgreater than 2.5 kg/ha in the summer,drops to less

than 0.8 kg/ha in the winter. This difference may be due to the presence of

four sites in New Mexico during the summer and only one site, in the

northwest, during the winter.

- The estimated spatial patterns of sulfate concentration and deposition

are similar except for a few regional differences for the annual and summer

values. The annual spatial patterns show only minor differences in the

Pacific Northwest, southern Texas and Ohio. In summer, the high
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concentrationsare in one region centered on Ohio, while the high depositions

are in a number of separate regions, from North Carolina to New York. The

west has a high deposition in southern New Mexico, but the concentrationthere

is low. Additionally,the concentrationsin southern California and Nevada

are high while the depositionsare low. The winter spatial patterns for

concentrationand deposition are very different in both the east and west. In
i

the east, the high concentrationsoccur in Ohio and central Indianawhile the

high depositions occur to the southwestof this region. In the west the

concentrationsare very low along the coast, but the depositions are high,

especially in southern California and the Pacific Northwest.

3.2.3 _itrate

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for nitrate ion concentration (Figure A.7 has a range of

0.42 mg/l to 3.53 mg/l in the east and a range of 0.15 mg/l to 1.69 mg/! in

the west. Over 90% of the nitrate concentrationsin the west are less than

the median concentrationin the east (1.22 mg/l). In the east, the highest

concentrationsoccur in southern Ontario and Quebec, and eastern Michigan.

The lowest concentrationsin the east occur in the south along the Gulf of

Mexico from Louisianathrough all of Florida. In the west, the highest

concentrationsoccur in eastern South Dakota and Nebraska, through western

Kansas and into southeasternColorado. The lowest concentrationsin the west

occur in northern California,Oregon, and Washington.

The estimated 1988 winter spatialpattern in the United States and

southeasternCanada for nitrate ion concentration (FigureA.8) has a range of

0.28 mg/l to 3.28 mg/l in the east and a range of 0.10 mg/l to 1.61 mg/l in

the west, with the median in the east (1.30 mg/l) being over twice the median

in the west (0.59 mg/l). In the east, the highest concentrationsoccur in

southern Ontario and Quebec. The lowest concentrationsin the east occur in

the south along the Gulf of Mexico and north through Georgia. In the west,

the highest concentrationsoccur in two regions: the eastern Dakotas,

Nebraska and Kansas; and eastern Utah. The lowest concentrationsin the west

occur in Oregon and Washington.
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The estimated 1988 summer spatial pattern in the United States and

southeasternCanada for nitrate ion concentration (FigureA.9) has a range of

0.46 mg/l to 4.15 mg/l in the east and a range of 0.00 mg/l to 3.31 mg/l in

the west The median and upper percentiles in the east and west are similar,¢

with only the lower percentilesbeing markedly smaller in the west. In the

east, the highest concentrationsoccur in southern Ontario and Ohio. The
#

lowest concentrationsin the east occur in two regions: Ontario and Quebec;

and Florida. In the west, the highest concentrationsoccur in southern

California. The lowest concentrationsin the west occur in northern

California,Oregon, Washington.

In the east, the magnitude of the summer and winter concentrationsare

about the same. The spatial pattern in the east changes with the seasons.

The nitrate concentrationsin winter are highest in southern Ontario and

Quebec, while the highest concentrationsin the summer are in Ohio and the

southerntip of Ontario. The largest change is on the border between Ontario

and Quebec, where the winter concentrationsare over 2.65 mg/l while the

summer concentrationsare less than 1.79 mg/l. The high concentration

estimates in Quebec during the winter are due to the high concentrations in

Ontario since there are no valid summaries for this region of Quebec during

the winter. In the west, the summer concentrationsare greater than the

winter. The difference in the west is due to the large summer concentrations

in southern California,over 2.26 mg/l, while the winter concentrationsare

less than 0.38 mg/l.

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for nitrate ion deposition (FigureA.7) has a range of 5.7

kg/ha to 30.1 kg/ha in the east and a range of 0.7 kg/ha to 11.2 kg/ha in the

west, with almost all the deposition in the west less than the 10th percentile

of the deposition in the east (7.8 kg/ha). In the east, the highest

. deposition occurs in central New York, and southern Ontario. The lowest

deposition in the east occurs in two regions: western Minnesota and iowa; and

. Georgia and the Florida. In the west, the highest deposition occurs in

eastern Nebraska, Kansas, Oklahoma and Texas. The lowest deposition in the

west occurs in northern California, southern Oregon, southern Idaho,
b

southwestern Montana, and northern Nevada.
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The estimated 1988 winter spatial pattern in the United States and

southeasternCanada for nitrate ion deposition (FigureA,8) has a range of

0,48 kg/ha to 7.44 kg/ha in the east and a range of 0,15 kg/ha to 2,29 kg/ha

in the west, with almost all of the western depositions being less than the

median deposition in the east (2.21 kg/ha). In the Bast, the highest

deposition occurs in southern Ontario and Quebec. The lowest deposition in L

the east occurs in two regions: Minnesota, Iowa and Wisconsin; and southern

Florida. In the west, the highest deposition occurs in eastern Oklahoma and

Texas; Colorado; and along the west coast. The lowest deposition in the west

occurs in southern Idaho and southeastern Montana.

The estimated 1988 summer spatial pattern in the United States and

southeastern Canada for nitrate ion deposition (Figure A.9) has a range of

1.20 kg/ha to 6.98 kg/ha in the east and a range of O.O0 kg/ha to 3.53 kg/ha

in the west, with almost all of the western depositions being less than the

median deposition in the east (3.2 kg/ha). In the east, the spatial pattern

is dominated by numerous local extremes. The regions with high concentrations

occur in Ohio and Michigan and then towards the northeast. The regions with

low concentrations are in the northern extent of the map and the southern

states. In the west, the highest deposition occurs in two regions: eastern

Nebraska, Kansas, Oklahoma and Texas; and southern New Mexico. The lowest

deposition in the west occurs in northern California, Oregon and Washington.

In both the east and west, the spatial patterns of nitrate deposition

appear markedly different between summer and winter. In the east, the winter

deposition pattern is dominated from the high depositions in southern Ontario

and its border with Quebec. In the summer, Ohio and southern Michigan have

depositions greater than 5.4 kg/ha, while in the winter the depositions are

less than 3.8 kg/ha. In western Florida, the summer deposition is also

• greater than 5.0 kg/ha, while in the winter the deposition is less than 1.0

kg/ha. In the west, the summer deposition in southern New Mexico is greater

than 2.3 kg/ha, while the winter deposition is less than 0.32 kg/ha. The

winter deposition in coastal central California and the Pacific Northwest is

greater than 0.76 kg/ha, while the summer depositions are less than 0.2 kg/ha.

As noted previously, during the winter there are no valid site summaries for
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the interior of Quebec and most of New Mexico. Thus the apparent differences

observed in the maps may be artifacts,

The estimated annual spatial patterns for nitrate concentration and

, deposition are the same for most of the United States and southeasternCanada.

The estimated summer and winter spatialpatterns for nitrate concentrationand

, deposition are different in both the east and west. In the east, the winter

patterns deviate in Iowa and Minnesota where the depositions are very low

while the concentrationsare moderate. In the west, winter patterns deviate

in two regions: eastern Oklahoma and Texas; and the Pacific Northwest. In

these regions, the depositions are relatively high while the concentrations

are low. In the summer, the eastern spatial pattern for nitrate

concentrationsis very smooth, while the nitY_te deposition pattern is

dominated by numerous local extremes. The biggest difference occurs in

western Floridawith high summer depositions and low summer concentrations.

The summer concentrationpattern in the west is dominated by the high values

in southern California and Nevada, while the depositions in this area are

relatively low.

3._.4 Ammonium

The estimated 1988 annual spatial pattern in the United States and

southeastern Canada for ammonium ion concentration (Figure A.IO) has a range

of 0.04 mg/1 to 0.81 mg/1 In the east and a range of 0.01 mg/1 to 0.53 mg/1 in

the west, with the concentrations in the west being less than those in the

east. In the east, the highest concentrations occur in two regions: southern

Ontario and eastern Michigan; and Iowa. The lowest concentrations in the east

occur in two regions: coastal Maine; and Mississippi, Alabama, Georgia, South

Carolina, and Florida. In the west, the highest concentrations occur in

eastern South Dakota and Nebraska, western Kansas and Oklahoma, and the

panhandle of Texas. The lowest concentrations in the west occur primarily in

" northern California, Oregon, and Washington.

The estimated 1988 winter spatial pattern in the United States and

" southeastern Canada for ammonium ion concentration (Figure A.11) has a range

of 0.03 mg/l to 0,56 mg/l in the east and a range of 0.01 mg/l to 0.52 mg/l in

the west, In the east, the highest concentrations occur in southern Ontario,
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and eastern Michigan. The lowest concentrationsin the east occur primarily

in New Brunswick, Nova Scotia, Maine, Georgia, Alabama and Florida, In the

west, the highest concentrationsoccur in eastern Nebraska and Kansas. The

" lowest concentrationsin the west occur in Washington, Oregon, and northern

Idaho.

The estimated 1988 summer spatial pattern in the United States and

southeasternCanada for ammonium ion concentration (Figure A.12) has a range

of 0.02 mg/l to 1.29 mg/l in the east and a range of 0.01 mg/l to 0.59 mg/l in

the west, with the concentrationsin the west being less than those in the

east. In the east, the highest concentrationsoccur in southern Ontario,

Quebec and eastern Michigan, with a local high in southeasternOhio. The

lowest concentrationsin the east occur in southern Mississippi,Alabama, and

Georgia, and Florida. In the west, the highest concentrationsoccur in two

regions: North Dakota and eastern Montana; and southern California. The

lowest concentrationsin the west occur in Washington,Oregon, and northern

Idaho.

The summer ammonium concentrationis greater than the winter

concentration,in both the east and the west. The spatial pattern in the east

does not appear to change between the winter and summer. The spatial pattern

in the west appears to change between the summer and winter due to the

diffel'entlocations of the high concentrations. In the summer, North Dakota

and eastern Montana has ammonium concentrationsgreater than 0.43 mg/l across

almost all of the state, while in the winter the concentration is less than

0.17 across most of the state, decreasing to less than 0.10 mg/l in the west.

As noted previously,there are no valid winter summaries in North Dakota,

however the site in northeasternMontana has valid summariesduring both the

summer and winter. Additionally,the summer concentration in coastal southern

California is also greater than 0.43 mg/l, while in the winter the

concentrationsare 0.17 mg/l.

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for ammonium ion deposition (FigureA.IO) has a range of

0.52 kg/ha to 6.91 kg/ha in the east and a range of 0.12 kg/ha to 2.30 kg/ha

in the west. Almost all of the west has depositions less than the median

deposition in the east, 2.10 kg/ha. In the east, the highest deposition
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occurs in southern Ontario. The lowest depositions in the east occurs in two

regions: Maine; and South Carolina, Florida, Georgia, and Alabama. In the

west, the highest deposition occurs in the eastern Dakotas, Nebraska, Kansas

, and Oklahoma. The lowest deposition in the west occurs in eastern Oregon,

southern Idaho,=northern Utah and western Wyoming.

The estimated 1988 winter spatial pattern in the United States and

southeastern Canada for ammoniumion deposition (Figure A.11) has a range of

0.04 kg/ha to 1.38 kg/ha in the east and a range of 0.02 kg/ha to 1.11 kg/ha

in the west, with the median in the east (0.25 kg/ha) more than three times

the median in the west (0.08 kg/ha). In the east, the highest deposition

occurs in two regions: southern Ontario and eastern Michigan; and Arkansas

and Louisiana. The lowest deposition in the east occurs in numerous small

areas in Minnesota, Wisconsin, Iowa, South Carolina, Georgia and Florida. In

the west, the highest deposition occurs in two regions: eastern Kansas,

Oklahoma and Texas; and the coast of California. The lowest deposition in the

west occurs in two regions: central Montana and Wyoming; and New Mexico.

The estimated 1988 summer spatial pattern in the United States and

southeastern Canada for ammoniumion deposition (Figure A.12) has a range of

0.I0 kg/ha to 2.77 kg/ha in the east and a range of 0.00 kg/ha to 0.93 kg/ha

in the west, with the median in the east (0.60 kg/ha) five times the median in

the west (0.12 kg/ha). In the east, the highest deposition occurs in two

regions: southwestern Ontario; and southeastern Ontario. The lowest

deposition in the east occurs in the Arkansas, Mississippi, Alabama, Georgia,

and Florida. In the west, the highest deposition occurs in North Dakota, and

eastern South Dakota. The lowest deposition in the west occurs in coastal

northern California, Oregon and western Washington.

Ammoniumdeposition is lower in the winter than in the summer. Almost

all the winter depositions in the east are less than the median summer

" deposition, 0.60 kg/ha. The spatial patterns in the east change in two

regions: in western Ontario, the winter deposition is less than 0.12 kg/ha

- while the summer deposition is greater than 1.29 kg/ha; and in Arkansas and

Louisiana, where the magnitudes of the depositions stay the same, but in the

summer the magnitudes are only moderate compared to the depositions in

Ontario. In the west, North Dakota has a summer deposition of over 0.60
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kg/ha, while it's winter deposition is less than 0.08 kg/ha, but there are no

valid winter summaries in North Dakota to support this estimation. Along the

coast of California,the winter depositions are greater than 0.24 kg/ha, whileb

it's summer depositions are less than 0.02 kg/ha in the San Francisco area and

less than 0.12 kg/ha in the Los Angeles area.

The estimated spatial patterns for ammonium concentrationand deposition •

have regional differences in both the east and west. In the east, the annual

concentrationhas a high point in Iowa, which only has a moderate deposition.

In the west, the Pacific Northwest has very low annual concentrationsbut

moderate depositions. In the winter, the east has low depositions in Iowa,

Minnesota, and Wisconsin, but the concentrationsare moderate. In the west,

the winter depositionsalong the Pacific Coast range from very high in

California to moderate in Oregon and Washington,while the concentrations

range from moderate in California to very low in Oregon and Washington. In

the summer, the east's concentrationsand depositions appear to have the same

spatial pattern. In the west, the summer concentrationin coastal southern

California is high while the deposition is only moderate.

3.2.5 Calcium

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for calcium ion concentration (FigureA.13) has a range of

0.05 mg/l to 0.99 mg/l in the east and a range of 0.03 mg/l to 0.58 mg/l in

the west, with the west having a higher median (0.24 mg/l) than the east (0.17

mg/l). In the east, the highest concentrationsoccur in three regions:

southern Quebec; southern Ontario and eastern Michigan; and Iowa. The lowest

concentrationsin the east occur in two regions: New Brunswick, Nova Scotia

and New England; and the Carolinas, Georgia and Mississippi. In the west, the

highest concentrationsoccur in four regions: western Kansas and southeastern

Colorado;Oklahoma; eastern Nebraska; and the junction of Utah, Colorado, New
r

Mexico and Arizona. The lowest concentrationsin the west occur in northern

California,western Oregon and Washington.

The estimated 1988 winter spatial pattern in the United States and

southeasternCanada fov"calcium ion concentration (FigureA.14) has a range of

0.04 mg/l to 0.63 mg/l in the east and a range of 0.03 mg/l to 0.57 mg/l in
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the west. In the east, the highest concentrationsoccur in two regions"

southern Quebec, the southern tip of Ontario, and eastern Michigan; and

southern Iowa. The lowest concentrationsin the east occur in two regions:

New England; and the Carolinas, Georgia and Alabama. In the west, the highest

concentrationsoccur in western Texas. The lowest concentrationsin the west

occur along the coast of the PacificOcean.

The estimated 1988 summer spatial pattern in the United States and

southeasternCanada for calcium ion concentration _FigureA.15) has a range of

0.05 mg/l to 1.21 mg/l in the east and a range of 0.05 mg/l to 2.32 mg/l in

the west, with the west having a larger median (0.31 mg/l) than the east (0.16

mg/l). In the east, the highest concentrationsoccur in two regions: the

southern tip of Ontario; and Iowa. The lowest concentrationsin the east

occur in two regions: New Brunswick,Nova Scotia, Quebec, and New England;

and the Carolinas. In the west, the highestconcentrationsoccur in two

regions: Oklahoma; and southern Nevada. The lowest concentrationsin the

west occur in northern California,western Oregon and Washington.

The calcium concentrationin the summer is greater than the winter

concentration,especially in the west where the percentiles are over a factor

oF two greater. In the east, the spatial patterns are about the same in both

the summer and winter. In the west, the winter calcium concentration is over

0.36 mg/l in western Texas, while the summer concentration is less than 0.21

mg/l. In the summer the concentrationin southern Nevada and Oklahoma is over

0.77 rag/l,while in the winter the concentrationis less than 0.08 mg/l in

southern Nevada and 0.29 mg/l in Oklahoma. In both Nevada and Oklahoma, one

site accounted for the large summer concentrationsand those sites did not

have valid winter summaries.

The estimated 1988 annual spatial pattern in the United States and

southeasternCanada for calcium ion deposition (FigureA.13) has a range of

" 0.61 kg/ha to 6.39 kg/ha in the east and a range of 0.23 kg/ha to 2.94 kg/ha

in the west, with the median in the east (1.55 kg/ha) larger than the median

- in the west (0.97 kg/ha). In the east, the highest deposition occurs in three

regions: southern Ontario; southern Quebec; and eastern Iowa. The lowest

deposition in the east occurs in three regions: New Brunswick, Nova Scotia,

and New England; the Carolinas; and Alabama. In the west, the highest
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deposition occurs in Oklahoma and eastern Kansas. The lowest deposition in

the west occurs in California,southern Oregon and western Nevada.

The estimated 1988 winter spatial pattern in the United States and

southeasternCanada for calcium ion deposition (FigureA.14) has a range of

0.03 kg/ha to 1.07 kg/ha in the east and a range of 0.02 kg/ha to 0.40 kg/ha

in the west. In the east, the highest deposition occurs in southern Ontario

and Quebec. The lowest deposition in the east occurs in western Ontario,

Minnesota, Wisconsin, and Iowa. The northeast spatial pattern is dominated by

numerous local extremes. In the west, the highest deposition occurs in three

regions: northeasternTexas and eastern Oklahoma; Colorado; and the Oregon

coast. The lowest deposition in the west occurs in two regions" Oregon; and

Montana, the Dakotas and northern Nebraska.

The estimated 1988 summer spatial pattern in the United States and

southeasternCanada for calcium ion deposition (FigureA.15) has a range of

0.16 kg/ha to 1.55 kg/ha in the east and a range of 0.03 kg/ha to 1.23 kg/ha

in the west, with the median deposition in the east (0.44 kg/ha) greater than

the median deposition in the east (0.34 kg/ha). In the east, the highest

deposition occurs in two regions" southern Ontario; and Iowa. The lowest

deposition in the east occurs in three regions: New Brunswick, Nova Scotia,

and New England; the Carolinas; and Mississippi. The east spatial pattern is

dominated by numerous local extremes. In the west, the highest deposition

occurs in Oklahoma. The lowest deposition in the west occurs in northern

California,Oregon and southwesternWashington.

The summer calcium depositions are larger than the winter depositions in

both the east and west. In the summer,much of Iowa has calcium depositions

greater than 0.94 kg/ha, while the same area in the winter has depositions

less than 0.17 kg/ha. In Iowa, Minnesota, and Wisconsin the summer

depositions are greater than 0.66 kg/ha, while in the winter the depositions

are less than 0.12 kg/ha. In the west, the magnitude of the summer deposition

is almost three times that of the winter deposition. In the west the greatest

seasonal change occurs in Montana, the Dakotas, and Nebraska, where in the

winter the depositions are less than 0.07 kg/ha, while in the summer the

depositions are greater than 0.17 kg/ha.
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The estimated spatial patterns for calcium concentrationand deposition

are similar for the annual, summer and winter summaries in the east. However,

in the west the concentrationand deposition patterns are different for all

, three summaries. The annual high concentrationsin southeasternand

southwesternColorado have only moderate annual depositions. The summer high

concentrationsin southern Nevada have relatively low summer depositions. In

the winter, the very low concentrationson the west coast become moderate

depositions.

3.3 TEMPORAL PATTERNS

The temporal patterns are examined using two approaches described in

Section 2.5. First, the annual temporal patterns are examined using boxplots

of the percentilesof the annual summaries for each year in the two trend

subsets, 1979-1988 and 1982-1988. Then the temporal changes are examined

using rayplots for each of the two trend subsets. The temporal patterns

examine both concentrationand deposition for nine ion species: hydrogen,

sulfate, nitrate, ammonium,calcium, chloride, sodium, potassium and

magnesium, pH and precipitationare also examined.

The boxplots that are examined for annual temporal patterns include 95%

confidence intervalsfor the median. These boxplots and confidence intervals

measure the variability for the entire region that the trend subsets cover,

thus they are not sensitive indicatorsof a temporal trend. Additionally, the

confidence intervalswere developedone-at-a-time,thus it is not valid to

infer a statisticalsignificancewhen the confidence intervals do not overlap.

Thus the few annual temporal patternswhich are noted in this section are only

subjective.

The interpretationof the rayplots in this section is simplified by the

. fact that most of the ion species and precipitationhave only a small number
l

of sites with significanttrend estimates. As discussed in Section 2.5, with

the number of sites being tested, a small number of sites with significant

- trends would be expected even if no trend actually existed. If these few

sites with significant trend estimates are also widely dispersed across the

United States and southern Canada, then the rayplots are consistent with the

hypothesis that there is no trend over a large geographic area.
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3.3.1 Hydrogen, pH and Precipitation

3.3.1.1 Annual Temporal Patterns

The 31 site 1979-1988 trend subset for annual total precipitation (Table

A.6 and Figure A.16) has a maximum median in 1979 of 117.3 cm and minimum

median of 89.4 cm in 1988. The 103 site 1982-1988trend subset for annual

total precipitation (Table A.8 and Figure A.17) has a maximum median of 100.2

cm in 1985 and a minimum median of 85.6 cm in 1988. While the 10-year subset

has inter-annualvariation that suggests an almost cyclic appearance,the

7-year subset has no distinctive inter-annualpattern.

The 23 site 1979-1988trend subset for annual pH (Table A.5 and Figure

A.16) has approximatelyequal maximum medians in 1982 and 1983 oF 4.48. 1980

has the lowest median pH of 4.33. The 92 site 1982-1988trend subset for

annual pH (Table A.7 and Figure A.17) has a maximum median pH of 4.46 in 1983

and a minimum median pH of 4.33 in 1982.

The annual hydrogen concentrationfor the 1979-1988 trend subset (Table

A.5 and Figure A.18) has a minimum median_of 33.00 _g/l in 1983 and a maximum

median of 46.42 _g/l in 1980. The 1982-1988trend subset (Table A.7 and

Figure A.19) has a minimum median of 34.76 _g/l in 1983 and a maximum median

of 46.24 _g/l in 1982.

The annual hydrogen deposition (Table A.6 and Figure A.18) has

approximatelyequal minimum medians in 1979 and 1986 of 0.35 kg/ha. 1980 and

1981 have the highest annual hydrogen median depositions of 0.45 kg/ha. The

annual hydrogen deposition (Table A.8 and Figure A.19) has a maximum median of

0.43 kg/ha in 1982 and a minimum median of 0.33 kg/ha in 1988.

3.3.1.2 Temporal Change Analysis

Based on the modified KST test,five of the 35 1979-1988trend sites

(Figure A.20) exhibit a significantly(p < 0.05) decreasing trend for total

annual precipitation" Coweeta, NC (-7.1 cm/year); Delaware, OH (-3.8

cm/year), Clinton Station, NC (--2.9cm/ye_r);Wooster, OH (-1.7 cm/year) and

Manitou, CO (-1.4 cm/year). Eleven of the 137 1982-1988trend sites (Figure

A.21) have significantlydecreasing trends' Coweeta, NC (-11.9 cm/year);
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H. J. Andrews, OR (-I0.5 cm/year); Great Smoky Mts, TN (-9.7 cm/year);

Ashland, MO (-6.5 cm/year); Salem, IL (-5.0 cm/year) Indiana Dunes, IN (-4.9

cm/year); Trout Lake, WI (-4.7 cm/year); Parsons, WV (-4.7 cm/year); Craters

of Moon, ID (-4.5 cm/year); Wooster, OH (-4.4 cm/year); and Hopland (Ukiah),

CA (-0.7 cm/year). With the number of sites being tested, a small number of

sites with significant trends would be expected even if no trend actually
J

existed. The lack of significant trends for precipitation is not surprising

when the cyclic nature of the precipitation (see Figure A.16) is considered.

Two of the 35 1979-1988 trend sites exhibit a significantly (p < 0.05)

increasing trend in pH: Ithaca, NY (0.014 pH units/year); and Fort Wayne, IN

(0.013 pH units/year), while one site has a significantly decreasing trend:

Bradford Forest, FL (-0.034 pH units/year). Three of the 137 1982-1988 trend

sites exhibit significantly increasing trends for pH: Ear Falls, ON (0.082 pH

units/year); Killarney, ON (0.036 pH units/year); and Shallow Lake, ON (0.030

pH units/year), and three sites have significantly decreasing trends:

Manitou, CO (-0.031 pH units/year); Sand Spring, CO (-0.030 pH units/year);

and Dixon Springs, IL (-0.020 pH units/year). With the number of sites being

tested, a small number of sites with significant trends would be expected even

if no trend actually existed. Figure A.20 and Figure A.21 display the trend

estimates for the 1979-1988 and 1982-1988 trend subsets, respectively.

Since pH is a transformation of hydrogen concentration, the same sites

have significant hydrogen concentrations trends (with a change of direction):

Ithaca, NY (-I.56 _eq/I/year); Fort Wayne, IN (-1.41 _eq/I/year); and Bradford

Forest, FL (1.04 #eq/I/year), in the 1979-1988 trend subset; and Ear Falls, ON

(-1.38 _eq/I/year); Killarney, ON (-4.44 _eq/I/year); Shallow Lake, ON (-2.84

_eq/I/year); Manitou, CO (0.55 #eq/I/year); Sand Spring, CO (0.38 _eq/I/year);

and Dixon Springs, IL (1.67 _eq/I/year), in the 1982.1988 trend subset. With

the number of sites being tested, a small number of sites with significant

, trends would be expected even if no trend actually existed. Figure A.22 and

Figure A.23 display the trend estimates for the 1979-1988 and 1982-1988 trend

subsets, respectively.m

For 1979-1988 trend sites, only one site has a significant hydrogen

deposition decrease: Ithaca, NY (-2.29 meq/m2/year); and one site has a

significant increase: Bradford Forest, FL (1.43 meq/m2/year). For 1982-1988
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trend sites, significant hydrogen deposition decreases occur at ten sites:

Killarney, ON (-5.23 meq/m2/year); Quabbin Reservoir, MA (-3.94 meq/m2/year);

Wellesley, ON (-3.46 meq/m2/year); Melbourne, ON (-3.37 meq/m2/year);

Coldwater, ON (-3.12 meq/mz/year); Wellston, MI (-1.64 meq/m2/year); Forest

Seed Ctr, TX (-1.48 meq/m2/year); Alsea, OR (-0.27 meq/m2/year); Lamberton, MN

(-0.20 meq/m2/year); and Teddy Roosevelt NP, ND (-0.20 meq/m2/year). With the L

number of sites being tested, a small number of sites with significant trends

would be expected even if no trend actually existed. Figure A.22 and Figure

A.23 display the trend estimates for the 1979-1988 and 1982-1988 trend

subsets, respectively.

Ali of the raygraphs in this section, Figure A.20 through A.24, are

consistent with the hypothesis that there is no trend over a large geographic

area.

3.3.2 Sulfate

3.3.2.1 Annual Temporal Patterns

The 30 site 1979-1988 trend subset for annual sulfate concentration

(Table A.5 and Figure A.24) has maximummedians in 1980 (2.62 mg/l) and 1981

(2.65 mg/l). 1987 has the lowest median, 1.90 mg/l. The annual sulfate

deposition (Table A.6 and Figure A.24) has a maximummedian in 1981 of 25.63

kg/ha and a minimum median in 1988 of 20.44 kg/ha. The median annual

concentrations appear to have inter-annual variation that is opposite the

variation of precipitation amount, while the deposition appears to decrease

consistently.

The I00 site 1982-1988 trend subset for annual sulfate concentration

(Table A.7 and Figure A.25) has maximummedians of 2.52 mg/l in 1982 and 2.51

mg/l in 1987 and minimum median of 2.08 mg/l in 1983. The annual sulfate

deposition (Table A.8 and Figure A.25) has a maximummedian in 1982 of 24.07

kg/ha and a minimum median of 20.99 kg/ha in 1988.

3.3.2.2 Temporal Chanqe Analysis

Based on the modified KST test, six of the 35 1979-1988 trend sites

exhibit a significantly (p < 0.05) decreasing trend in sulfate concentration'

Chalk River, ON (-2.46 /_eq/I/year); Manitou, CO (-1.77 /leq/I/year); Sand
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Spring, CO (-1.48 _eq/I/year); Davis, CA (-1.25 _eq/I/year); Fort Wayne, IN

(-1.20 _eq/I/year); and lllinois, IL (-1.18 _eq/I/year). Figure A.26 displays

the trend estimates for all 35 sites. The rayplot shows little evidence of a

trend over a large geographic area.

For 1982-1988 trend sites (Figure A.27), only three sites exhibit

significantly decreasing trend in sulfate concentration: Wilkesport, ON

(-3.13 _eq/I/year); Huron Park, ON (-3.12 _eq/I/year); and Cuba, NM (-1.50

_eq/I/year); and one site has a significantly increasing trend, Delaware, OH

(2.99 _eq/I/year). With the number of sites being tested, a small number of

sites with significant trends would be expected even if no trend actually

existed. The rayplot is consistent with the hypothesis of no trend over a

large geographic area.

For 1979-1988 trend sites (Figure A.26), significant sulfate deposition

decreases occur at ten sites: Coweeta, NC (-2.61 meq/m2/year); Piedmont

Station, NC (-2.47 meq/m2/year); Delaware, OH (-2.17 meq/m2/year); Chalk

River, ON (-1.99 meq/m2/year); Hubbard Brook, NH (-I.76 meq/m2/year);

Lamberton, MN (-1.18 meq/m2/year); Georgia Station, GA (-1.03 meq/m2/year);

ELA (b), ON (-0.79 meq/m2/year); Marcell, MN (-0.67 meq/m2/year); and Manitou,

CO (-0.44 meq/m2/year). The sites with significant trend estimates are

located across the entire region.

For 1982-1988 trend sites (Figure A.27), significant sulfate deposition

decreases occur at 14 sites: Quabbin Reservoir, MA (-3.53 meq/m2/year);

Oxford, OH (-2.84 meq/m2/year); lllinois, IL (--2.33 meq/m2/year); Penn State,

PA (-2.12 meq/m2/year); Tanbark Flat, CA (-1.97 meq/m2/year); Forest Seed Ctr,

TX (-1.97 meq/m2/year); ELA (b), ON (-1.21 meq/m2/year); Sequoia National

Park, CA (-1.08 meq/m2/year); Oliver Knoll, AZ (-0.95 meq/m2/year); Alsea, OR

(-0.89 meq/m2/year)); Pinedale, WY9 (-0.70 meq/m2/year); Grand Canyon, AZ

(-0.62 meq/m2/year); Craters of Moon, ID (-0.56 meq/m2/year); and Alamosa, CO

(-0.39 meq/m2/year). While the west has far fewer sites, it has the largest

number of significant sites. The significant sites in the east are not

" located in any one area.
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3.3.3 Nitrate

3.3.3,1 Annga] Temporal Patterns

The 31 site 1979-1988 trend subset for annual nitrate concentration

(Table A,5 and Figure A.28) has maximum median in 1980 of 1.75 mg/l. The

lowest median is 1.18 mg/l in 1983. The annual nitrate deposition (Table A.6

and Figure A.28) has a maximum median in 1985 of 14.62 kg/ha and a minimum

median in 1988 of 12.29 kg/ha.

The 103 site 1982-1988trend subset for annual nitrate concentration

(Table A.7 and Figure A.29) has a maximum medians in 1987 of 1.55 mg/l and

1988 of 1.57 mg/l. The lowest medians are 1.35 mg/l in 1982 and 1.33 mg/l in

1983. The annual nitrate deposition (TableA.8 and Figure A.29) has a maximum

median in 1984 of 14.91 kg/ha and a minimummedian in 1988 of 13.14 kg/ha.

3.3.3.2 Temporal Change Analysis

Based on the modified KST test, one of the 35 1979-1988 trend sites

exhibits a significantly (p < 0.05) decreasing trend in nitrate concentration:

Manitou, CO (-0.73 _eq/I/year); and one site has a significantly increasing

trend: Lewes, DE (0.43 _eq/I/year). With the number of sites being tested, a

small number of sites with significant trends would be expected even if no

trend actually existed. Figure A.30 displays the trend estimates for all 35
sites.

There are 12 sites in the 1982-1988 trend subset that have significantly

increasing nitrate concentration: Longwoods (b), ON (2.67 _eq/I/year); Balsam

Lake, ON (2.51 _eq/I/year);Wellesley, ON (2.22 _eq/I/year); Golden Lake, ON

(1.82 _eq/I/year);Melbourne, ON (1.78 #eq/I/year);Whitney, ON (1.61 #eq/l

/year); Parsons, WV (1.54 _eq/I/year);Nithgrove, ON (1.54 _eq/I/year);

Bennett Bridge, NY (1.23 _eq/I/year); Horton's Station, VA (1.11 _eq/I/year);

Lewes_ DE (0.72_eq/I/year); and Bradford Forest, FL (0.40 _eq/I/year).

Additionally,there are two sites with significantlydecreasing trends:

Manitou, CO (-I.05_eq/I/year); and Acadia, ME (-0.62 _eq/I/year). Figure

A.31 displays the trend estimates for all 137 sites. Most of the sites with

significant increasingtrends are in the southern tip of Ontario.
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For 197g-1988 trend sites (Figure A,30), significant nitrate deposition

decreases occur at three sites: Hubbard Brook, NH (-0,65 meq/m2/year);

Coweeta, NC (-0.76 meq/m2/year); and Caldwell, OH (-0.50 meq/m2/year), With

the number of sites being tested, a small number of sites with significant

trends would be expected even if no trend actually existed.

, Five of 1982-1988 trend sites have significantly decreasing nitrate

deposition' Quabbin Reservoir, MA (-2.61 meq/m2/year); Fort Wayne IN (-1,36

meq/m2/year); Forest Seed Ctr, TX (-0.97 meq/m:/year); H. J. Andrews, OR

(-0.52 meq/m2/year); and Alamosa, CO (-0.18 meq/m2/year). Three of the sites

have significantly increasing trends: Bennett Bridge, NY (2.00 meq/m_/year);

Mattawa, ON (1.67 meq/m2/year); and Balsam Lake, ON (1.50 meq/m_/year), With

the number of sites being tested, a small number of sites with signiflcant

trends would be expected even if no trend actually existed. Figure A.31

displays the trend estimates for all 137 sites. Except for the nitrate

concentrations in the southern tip of Ontario in the 1982-1988 trend subset,

the rayplots are all consistent with the hypothesis of no trend over a large

geographic area.

3.3.4 Amm.onium

3.3.4.1 Annual Tempo_aJ Patterns

The 31 site 1979-1988 trend subset for annual ammonium concentration

(Table A.5 and Figure A.32) has approximately equal maximum medians in 1980

and 1981 of 0.29 mg/l. 1979 and 1985 has approximately equal lowest medians,

0.25 mg/l. The annual ammoniumdeposition (Table A.6 and Figure A.32) has a

maximummedian in 1983 of 2.g9 kg/ha and a minimum median in 1988 of 2.09

kg/ha.

The 103 site 1982-1988 trend subset for annual ammonium concentration

(Table A.7 and Figure A.33) has maximummedians of 0.33 mg/l in 1987 and 1988

and minimum nledians of 0.29 mg/l in 1983, 1985 and 1986. The annual ammonium

deposition (Table A.8 and Figure A.33) has a maximum median of 3.06 kg/ha in

. 1984 and a minimum median of 2.58 kg/ha in 1986.
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3.3.4.2 TemporalChanqe Analysis

Based on the modified KST test, three of the 35 1979-1988 trend sites

exhibit a significantly (p < 0,05) decreasing trend in ammonium concentration:

Mead, NE (-1.89l._eq/I/year);Sand Spring, CO (-0,57 _eq/I/year); and Dixon w

Springs, IL (-0.50 _eq/I/year). With the number of sites being tested, a

small number of sites with significanttrends would be expected even if no

trend actually existed. Figure A.34 displays the trend estimates for all 35

sites.

The 1982-1988trend sites have nine sites with significantlydecreasing

trends: Alamosa, CO (-2.67#eq/I/year);Shallow Lake, ON (-2.33 #eq/I/year);

Craters of Moon, ID (-I.04 _eq/I/year);Organ Pipe Mon., AZ (-0.75_eq/I/

year); Bridgton,ME (-0.66 #eq/I/year);Acadia, ME (-0.58_eq/I/year);

Victoria, TX (-0.50_eq/I/year); Everglades National Park, FL (-.0.33_eq/I/

year); and Grand Canyon, AZ (-0.30_eq/'I/year). Seven sites have

significantlyincreasingtrends: Wellesley, ON (3.36 #eq/I/year); McKellar,

ON (2.33 _eq/I/year); North Easthope,ON (2.33 #eq/I/year); Longwoods (b), ON

(1,66_eq/I/year); Nithgrove, ON (1.21 _eq/I/year);Dorset (b), ON (1.07 _eq/

I/year); and Whiteface, NY (0.68 #eq/I/year). With the number of sites being

tested, a small number of sites with significanttrends would be expected even

if no trend actually existed. Figure A.35 displays the trend estimates For

all 137 sites.

For 1979-1988trend sites (FigureA.34), significantammonium deposition

decreases occur at four sites: Dixon Springs IL (-0.81 meq/m2/year); Georgia

Station, GA (-0.44 meq/m2/year);Marcell, MN (-0.30 meq/m2/year); and Sand

Spring, CO (-0.18 meq/mz/year). There are two sites with significant

increasingtrends: Virginia, VA (0.46 meq/m2/year); and Whiteface, NY (0.40

meq/m2/year). With the number of sites being tested, a small number of sites

with significanttrends would be expected even iF no trend actually existed.
_w

The 1982-1988trend sites have 13 sites with significantlydecreasing

trends: Dixon Springs, IL (-1.25meq/m2/year); Piedmont Station, NC (-i.05

meq/m2/year); Wellston, MI (-1.03meq/m2/year);Great Smoky Mts, TN (-0.98

meq/m2/year); Georgia Station, GA (-0.76 meq/m2/year);Bridgton, ME (-0.72
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meq/m:/year)IFernberg, MN (-0,6gmeq/m:/year);Craters of Moon, ID (-0,60

meq/m_/,year);Newcastle, WY (-0.39meq/m_/year);Alamosa, CO (-0.36 meq/

m:/year)l Hubbard Brook, NH (-0.36meq/m:/year);Big Bend National Park, TX

(-0,36ineq/m_/year);and Sand Spring, CO (-0.30 meq/m_/year)_ and orlesite

with a significantlyincreasingtrend: Whiteface, NY (0,87 meq/m_/year),

Figure A,35 displays the trend estimates for all 137 sites,

The rayplots for the 1979-1988trend subset are consistentwith the

hypothesis that there is no trend over a large geographic area. While the

1982-1988trend subset had a number of sites with significanttrends, there is

little evidence of a trend over a large area.

3.3.5 Calciqm Patterns

3.3,5.I _ULD]J_a]Temporal Patterns

The 31 site 1979-1988 trend subset for annual calcium concentration

(Table A.5 and Figure A.36) has a maximummedian in 1980 of 0.21 rag/l, 1985

has the lowest median, 0.12 mg/l, The annual calcium deposition (Table A,6

and Figure A.36) has a maximum median in 1984 of 1.75 kg/ha and a minimum

median in 1987 of 1.00 kg/ha.

The 98 site ]982-1988trend subset for annual calcium concentration

(TableA.7 and Figure A.37) has maximum medians in 1984 and 1988 of 0.21 mg/l

and a minimum median of 0.16 mg/l in 1986. The calcium deposition (Table A.8

and Figure A.37) has a maximum median in 1984 of 1.89 kg/ha and a minimum

median of 1.29 kg/ha in 1987.

3.3.5.2 Temporal Change Analysis

Based on the modified KST test, six of the 35 1979-1988 trend sites

exhibits a significantly (p < 0.05) decreasing trend in calcium concentration.

Chalk River, ON (-1.30 _eq/I/year); Fort Wayne, IN (-0.74 _eq/I/year);

. Manitou, CO (-0.50 _eq/I/year); Caldwell, OH (-0.61 _eq/I/year); Huntington,

NY (-0.27 _eq/I/year); and Lewiston, NC (-0.24 _eq/I/year). Figure A.38

displays the trend estimates for all 35 sites.

The 1982-1988 trend sites have two sites with significantly decreasing

concentrations: Lewiston, NC (-0.33 #eq/I/year); and East, MA (-0.30 i_eq/I/

3.29



year). There are also six sites with significantly increasing concentrations:

Longwoods (b), ON (2,47 _eq/I/year); Balsam Lake, ON (2.29 #_eq/i/year);

Wellesley, ON (2,15 _eq/I/year; North Easthope, ON (1.55 _eq/I/year);

Melbourne, ON (1.33 _eq/I/year) and Charleston Lake, ON (1.24 _eq/I/year), b

Figure A,39 displays the trend estimates for all 137 sites.

For 1979-1988 trend sites (Figure A.38), significant calcium deposition

decreases occur at 17 sites: Chalk River, ON (-1.18 meq/m:/year); Dixon

Springs, IL (-0.86 meq/m2/year); Fort Wayne, IN (-0.56 meq/m_/year); Caldweil,

OH (-0.54 meq/m2/year); Delaware, OH (-0,44 meq/m:/year); Wooster, OH (-0.39

meq/m:/year); Clinton Station, NC (-0.37 meq/m:/year); Penn State, PA (-0.36

meq/m=/year); Coweeta, NC (-0.34 meq/m=/year); Piedmont Station, NC (-0.34

meq/m:/year); Bradford Forest, FL (-0.26 meq/m:/year); Sand Spring, CO (-0.26

meq/m:/year); Davis, CA (-0.25 meq/m_/year); Lewiston, NC (-0.22 meq/m:/year);

Manitou, CO (-0.20 meq/m=/year); Oxford, OH (-0.20 meq/m2/year); and Finley

(A), NC (-0.18 meq/m:/year).

The 1982-1988 trend sites have 18 sites with significantly decreasing

trends: Merlin, ON (-1.63 meq/m:/year); Dixon Springs, IL (-1.21 meq/m2/

year); Walker Branch, TN (-0.94 meq/m:/year); University Forest, MO (-0.81

meq/m2/year); Forest Seed Center, TX (-0.60 meq/m:/year); Caldwell, OH (-0.59

meq/m:/year); Oak Ridge, TN (-0.55 meq/m=/year); Victoria, TX (-0.49 meq/m2/

year); Tanbark Flat, CA (-0.48 meq/m2/year); Cuba, NM (-0.44 meq/m2/year);

Grand Canyon, AZ (-0.41 meq/m=/year); East, MA(-0.39 meq/m2/year);

Huntington, NY (-0.34 meq/m:/year); Alsea, OR (-0.33 meq/m2/year); Davis, CA

(-0.33 meq/m=/year); Greenville Station, ME (-0.32 meq/m2/year); Alamosa, CO

(-0.26 meq/m:/year); and Pickle Lake, ON (-0.26 meq/m:/year). There are also

four sites with significantly increasing trends' Balsam Lake, ON (1.72 meq/

m2/year); North Easthope, ON (1.66 meq/m:/year); Charleston Lake, ON (0.97

meq/m2/year); and Bear Island, ON (0.63 meq/m2/year). Figure A.39 displays

the trend estimates for all 137 sites.

The rayplots of calcium concentration for both trend subsets are

consistent with the hypothesis of no trend over a large geographical area,

The rayplot of calcium deposition for the 1979-1988 subset show two areas with
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significantly decreasing trends, North Carolina and Ohio. The calcium

depositions for the 1982-1988 subset show little evidence of a trend over a

large area.

3.3,6 Chloride

3,3.6.1 Annual Temporal patterns
4

The 29 site 1979-1988 trend subset for annual chloride concentration

(Table A.5 and Figure A.40) has approximately equal maximum medians in 1979

and i980 of 0.23 mg/l. 1983 and 1986 have the lowest medians, 0,17 mg/l. The

1980 and 1983 medians are significantly different. The annual chloride

deposition (Table A.6 and Figure A.40) has a maximummedian in 1979 of 2,90

kg/ha and a minimum median in 1983 of 1.85 kg/ha. The distribution of both

the concentration and deposition are highly skewed and, except for 1981 and

1988, there are extremely large values that are not included on Figure A.40.

Tlle 99 site 1982-1988 trend subset for annual chloride concentration

(Table A.7 and Figure A.41) has approximately equal maximum medians in 1982,

1984, and 1988 of 0,18 mg/l. 1983 and 1986 have approximately equal minimum

medians of 0.15 mg/l. The 1983 and 1984 medians are significantly different,

The annual chloride deposition (Table A.8 and Figure A.41) has a maximum

median of 1.72 kg/ha in 1984 and a minimum median of 1.35 kg/ha in 1986. As

with the 1979-1988 trend subset, the concentration and deposition are highly

skewed with extremely large values that are not included on Figure A,41.

3.3.6.2 Temporal Chanqe Anal_ysis

Based on the modified KST test, nine of the 35 1979-1988 trend sites

exhibit a significantly (p < 0.05) decreasing trend in chloride concentration:

Chalk River, ON (-1.05 _eq/I/year); Davis, CA (-0.86 _eq/I/year); ELA (b), ON

(-0.76 p,eq/I/year); Brookhaven, NY (-0.56 _eq/I/year); Piedmont Station, NC

(-0.34 _eq/I/year); Dixon Springs, IL (-0.31 _eq/I/year); Mead, NE (-0.24 _eq/

" I/year); Fort Wayne, IN (-0.19 A_eq/I/year); and Wellston, MI (-0.18 _eq/I/

year). Additionally, one site has a significantly increasing trend: Ithaca,

• NY (0.40 #_eq/I/year). Figure A.42 displays the trend estimates for all 35

sites,
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The 1982-1988 trend subset has two sites with significantly decreasing

trends for chloride concentration" ELA (b), ON (-0.68 _eq/I/year); and

Yellowstone, WY (-0.34 _eq/I/year). There are also seven sites with

significantly increasing trends" Ithaca, NY (0.72 _eq/I/year); Longwoods (b)_

ON (-0.56 _eq/I/year); Whiteface, NY (0.46 _eq/I/year); Oak Ridge, TN (-0.39

_eq/I/year); Wellesley, ON (-0.34 _eq/I/year); Melbourne, ON (-0.31 _eq/I/
I,

year); and Dorion, ON (0.28 _eq/I/year). With the number of sites being

tested, a small number of sites with significant trends would be expected even

if no trend actually existed. Figure A.43 displays the trend estimates for

all 137 sites.

For 1979-1988 trend sites (Figure A.42), significant chloride 1979-1988

trend sites occur at 12 sites" Chalk River ON (-0.84 meq/m2/year); Piedmont

Station, NC (0.45 meq/m2/year); Coweeta, NC (-0.39 meq/m:/year); ELA (b), ON

(-0.37 meq/m:/year); Georgia Station, GA (-0.30); Hubbard Brook, NH (-0.25

meq/m2/ye_r_; Caldwell, OH (-0.18 meq/m2/year); Mead, NE (-0.15 meq/m2/year);

Wellston, i_ii (-0.14 meq/m2/year); Delaware, OH (-0.13 meq/m2/year); Lamberton,

MN (-0.12 meq/m:/year); and Manitou, CO (-0.06 meq/m2/year). One site has a

significantly increasing trend" Whiteface, NY (0.24 meq/m:/ye, ar).

The 1982-1988 trend sites have 12 sites with significantly decreasing

trends for chloride deposition" Hopland (Ukiah), CA (-2.01 meq/m2/year);

Victoria, TX (-1.71 meq/m2/year); Forest Seed Center, TX (-1.57 meq/m2/year);

Tanbark Flat, CA (-0.70 meq/m:/year); Sequoia National Park, CA (-0.67 meq/m2/

year); ELA (b), ON (-0.43 meq/m2/year); Argonne, IL (-0 32 meq/m2/year);

(/raters of Moon, ID (-0.18 meq/m2/year); Underhill Center, VT (-0.15 meq/m2/

year); Fernberg, MN (-0.11 meq/m:/year); Oliver Knoll, AZ (-0.10 meq/m2/year);

and Newcastle, WY (-0.09 meq/m:/year). There are also two sites with a

significantly increasing trend' Ithaca, NY (0.58 meq/m:/year); and Whiteface,

NY (0.44 meq/m2/year) Figure A.43 displays the trend estimates for all 137
sites.

The rayplots of chloride concentration and deposition for both subsets

show little evidence of a trend over a large area.
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3.3.7 Sodium

3.3.7.1 Annual Temporal Patterns
,

, ,'r_

The 29 site 1979-1988 trend subset for annual sodium concentratio_

(TableA.5 and Figure A.44) has a maximum median in 1979 of 0.25 mg/l. 1985

and 1986 has the lowest median, 0.06 mg/l. The annual sodium deposition

(TableA.6 and Figure A.44) has a maximum median in 1979 of 2.83 kg/ha and a

minimum median in 1987 of 0.56 kg/ha. The median concentrationand deposition

decreased dramaticallybetween 1980 and 1981 and has continued to decrease

since then, but at a slower pace. The distributionof both the concentration

and deposition are highly skewed and there are extremely large values that are

not includedon Figure A.44.

The 95 site 1982-1988trend subset for annual sodium concentration

(Table A.7 and Figure A.45) has maximum medians in 1982, 1984, and 1988 of

0.08 mg/l and minimum median concentrationsof 0.06 mg/l in 1985 and 1986.

The annual sodium deposition (TableA.8 and Figure A.45) has maximum medians

of 0,73 kg/ha in 1984 and 0.72 kg/ha in 1982 and a minimum median of 0.53

kg/ha in 1987 and 0.54 kg/ha in 1986. As with the 1979-1988 trend subset, the

concentrationand deposition are highly skewed with extremely large values

that are not includedon Figure A.45.

3.3.7.2 Temporal Change Analysis

Based on the modified KST test, 16 of the 35 1979-1988 trend sites

exhibit a significantly(p < 0.05) decreasingtrend in sodium concentration'

Davis, CA (-1.20_eq/I/year); Chalk River, ON (-I.09_eq/I/year; Brookhaven,

NY (-0.91_eq/I/year);Clinton Station, NC (-0.80_eq/I/year); ELA (b), ON

(-0.70peq/I/year); Piedmont Station, NC (-0.62_eq/I/year); Mead, NE (-0.55

_eq/I/year); Horton's Station, VA (-0.45_eq/I/year);Georgia Station, GA

(-0.43 _eq/I/year);Penn State, PA (-0.35_eq/I/year); Fort Wayne, IN (-0.29

. _eq/I/year); Delaware,OH (-0.29_eq/I/year);Dixon Springs, IL (-0.28 _eq/I/

year); Caldwell,OH (-0.27_eq/I/year);Parsons, WV (-0.21 _eq/I/year); and

. Whiteface, NY (-0 07 _eq/I/year). Figure A.46 displays the trend estimates

for all 35 sites.
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Only two of the 137 1982-1988 trend sites have significantly decreasing

trends for sodium concentration: Brookhaven, NY (-1.76 _eq/I/year); and Dixon

Springs, IL (-0.38 _eq/I/year). Additionally, two of the sites have a

significantly increasing trend: Dorion, ON (0.22 _eq/I/year); and Pickle Lake

(0.16 _eq/I/year). With the number of sites being tested, a small number of

sites with significant trends would be expected even if no trend actually

existed. Figure A.47 displays the trend estimates for all 137 sites.

For 1979-1988 trend sites (Figure A.46), significant sodium deposition

decreases occur at 20 sites: Davis, CA (-1.15 meq/m2/year); Chalk River, ON

(-1.01 meq/m2/year); Clinton Station, NC (-0.78 meq/m_/year); Coweeta, NC

(-0.74 meq/mz/year); Piedmont Station, NC (-0.66 meq/m2/year); Georgia

Station, GA (-0.58 meq/m2/year); Horton's Station, VA (-0.48 meq/m2/year);

Hubbard Brook, NH (-0.44 meq/m2/year); ELA (b), ON (-0.41 meq/m2/year); Mead,

NE (-0.30 meq/m2/year); Delaware,OH (-0.29 meq/m2/year); Caldwell, OH (-0.28

meq/m:/year); Wooster, OH (-0.28 meq/m:/year); Penn State, PA (-0.28 meq/m2/

year); Kane, PA (-0.26 meq/m2/year); Lamberton, MN (-0.24 meq/m2/year); Fort

Wayne, IN (-0.18 meq/m_./year); Huntington, NY (-0.16 meq/m:/year); Manitou, CO

(-0.14 meq/mz/year); and Sand Spring, CO (-0.12 meq/m2/year).

The 1982-1988 trend sites have nine sites with significantly decreasing

trends for sodium deposition: Hopland (Ukiah), CA (-1.48 meq/m2/year); Forest

Seed Center, TX (-I 26 meq/m:/year); Sequoia National Park, CA (-0.64 meq/m2/

year); Ashland, MO (-0.45 meq/m2/year); Pinedale, WY (-0.35 meq/m2/year); Penn

State, PA (-0.34 meq/m2/year); Argonne, IL (-0.27 meq/m2/year); ELA (b), ON

(-0.25 meq/m2/year); and Fernberg, MN (-0.I0 meq/m2/year). Figure A.47

displays the trend estimates for all 137 sites.

The rayplots for the 1982-1988 subset are consistent with the hypothesis

that there is no trend over a large geographical area. The 1979-1988 subset

has a relatively large number of sites with significant concentration and
m

deposition trends. However, these sites are generally located close to sites

whose trends are not significantly different from zero. Thus there is no

distinct area of significant trends.

,j
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3.3.8 Potassium

3.3.8.1 Annual Temporal Patterns

The 31 site 1979-1988 trend subset for annual potassium concentration

(Table A.5 and Figure A.48) has approximately equal maximummedians in 1979,

and 1980 of 0.04 mg/l. The lowest median, 0.02 mg/l, occurs 'in 1988. The

annual potassium deposition (Table A.6 and Figure A.48) has a maximum median

in 1979 of 0.51 kg/ha and a minimum median in 1988 of 0.1g kg/ha. The large

number of high potassium concentrations and depositions in 1987 and 1988 are

primarily from network, MAP3S.

The g5 site 1982-1988 trend subset for annual potassium concentration

(Table A.7 and Figure A.49) has approximately equal medians for all the years

of 0.03 mg/l. The annual potassium deposition (Table A.8 and Figure A.49) has

the largest median in 1983, 0.36 kg/ha and the smallest median, 0.22 kg/ha, in

1987. The large number of high potassium concentrations and depositions in

19.57 and 1988 are primarily from network, MAP3S.

3.3.8.2 Temporal Chanqe Analysis

3ased on the modified KST test, 14 of the 35 1979-1988 trend sites

exhibit a significantly (p < 0.05) decreasing trend in potassium

concentration: Chalk River, ON (-0.37 /_eq/I/year); ELA (b), ON (-0.23 /_eq/

I/year); Mead, NE (-0.09 _eq/I/year); Lamberton, MN (-0.08 /_eq/I/year); Fort

Wayne, IN (-0.08 /_eq/I/year); Marcell, MN (-0.05 /leq/I/year); Bondville, IL

(-0.05 _eq/I/year); Davis, CA (-0.04 _eq/I/year); Dixon Springs, IL (-0.04

/_eq/I/year); Parsons, WV (-0.04 _eq/I/year); Kane, PA (-0.03 /_eq/I/year);

Wellston, MI (-0.03 /_eq/I/year); Huntington, NY (-0.02 /leq/I/year); and

Hubbard Brook, NH (-0.02 /_eq/I/year). Figure A.50 displays the trend

estimates for all 35 sites. Most of the sites with significant trends occur

in the midwest region.

" The 1982-1988 trend sites have 24 significantly decreasing trends for

potassium concentration: Chalk River, ON (-0.18 /_eq/I/year); ELA (b), ON

- (-0.17 _eq/I/year); Cuba, NM (-0.13 /_eq/I/year); Kejimkujik (b), NS (-0.12

_eq/I/year); Coldwater, ON (-0.11 /_eq/I/year); University Forest, MO (-0.11

_eq/I/year); Meridian, MS (-0.10 /leq/I/year); Nithgrove, ON (-0.08 /_eq/I/
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year); Marcell, MN (-0.08) _eq/I/year; Alsea, OR (-0.07 _eq/I/year); Organ

Pipe Monument,_AZ (-0.07 _eq/I/year); Gowganda, ON (-0.06 _eq/I/year);

Piedmont Station, NC (-0.06 _eq/I/year); Georgia Station, GA (-0.06 _eq/I/

year); Douglas Lake, MI (-0.06 _eq/I/year); Wellston, MI (-0.05 _eq/I/year;

Aurora, NY (-0.05 _eq/I/year); Huntington, NY (-0.05 _eq/I/year); Fort Wayne,

IN (-0.05 _eq/I/year); Dixon Springs, IL (-0.05 _eq/I/year); Bondville, IL

(-0.05 _eq/I/year); Shabbona, IL (-0.04 _eq/I/year); Greenville Station, ME

(uO.04 _eq/I/year); and Trout Lake, WI (-0.03 _eq/I/year). There are also six

sites with significantly increasing trends: Virginia, VA (0.43 _eq/I/year);

Oxford, OH (0.29 _eq/I/year); Whiteface, NY (0.26 _eq/I/year); Ithaca, NY

(0.22 _eq/I/year); Oak Ridge, TN (0.15 _eq/I/year); and Uvalda, GA (0.11 _eq/

I/year). Of the 11 largest increasing trends for potassium concentration, 9

of them are from the MAP3Snetwork. Figure A.51 displays the spatial pattern

for the potassium concentration. The sites with significant trends do not

occur in any clearly defined area.

For 1979-1988 trend sites (Figure A.50), significant potassium

deposition decreases occur at 13 sites: Chalk River, ON (-0.32 meq/m2/year);

ELA (b), ON (-0.11 meq/m2/year); Parsons, WV (-0.06 meq/m2/year); Lamberton,

MN (-0.06 meq/m2/year); Mead, NE (-0.05 meq/m2/year); Fort Wayne, IN (-0.05

meq/m2/year); Georgia Station, GA (-0.05 meq/m2/year); Kane, PA (-0.04 meq/m2/

year); Marcell, MN (-0.03 meq/m2/year); Bondville, IL (-0.03 meq/m2/year);

Hubbard Brook, NH (-0.03 meq/m2/year); Delaware, OH (-0.03 meq/m2/year); and

Manitou, CO (-0.02 meq/m2/year). The sites with significant trend estimates

do not occur in any clearly defined region.

There are 40 sites in the 1982-1988 trend site with significantly

decreasing potassium deposition trends: Chalk River, ON (-0.17 meq/m2/year);

Kejimkujik (b), NS (-0.15 meq/m2/year); Pickle Lake, ON (-0.12 meq/m2/year);

North Easthope, ON (-0.11 meq/m2/year); University Forest, MO (-0.10 meq/m2/

year); Ashland, MO (-0.I0 meq/m2/year); ELA (b), ON (-0.09 meq/m2/year);

Salem, IL (-0.09 meq/m2/year); Walker Branch, TN (-0.08 meq/m2/year); Georgia

Station, GA (-0.08 meq/m2/year); Southern III U, IL (--0.08 meq/m2/year);

Davis, CA (-0.08 meq/m2/year); Tanbark Flat, CA (-0.08 meq/m2/year); Leading

Ridge, PA (-0.08 meq/m2/year); Coldwater, ON (-0.08 meq/m2/year); Dorset (b),

ON (-0.08 meq/m2/year); Alsea, OR (-0.07 meq/m2/year); Dixon Springs, IL
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(-0.07 meq/m:/year);Shenandoah Nat'l, VA (-0.07 meq/m2/year);Washington

Xing, NJ (-0.06 meq/m2/year);Argonne, IL (-0.06meq/m2/year); Kane, PA (-0.06

meq/m2/year);Wellston, MI (-0.05 meq/m2/year);Bondville, IL (-0.05 meq/m_/

year); Huntington, NY (-0.05 me_,!m2_ear)_ Quabbin Reservoir, MA ( 0.05 meq/

ms/year); H. J. Andrews, OR (_O_!i!51_eq/m2/year); Fort Wayne, IN (- .05 meq/m2/

year); Delaware, OH (-0 04 meq/m_/}earl; Indiana Dunes, IN ( 0 04 meq/m2/

year); Trout Lake, WI (-0.04 meq/m2/year); Cuba, NM (-0.04 meq/m:/year);

Fernberg, MN (-0.03 meq/m2/year); Caribou (a), ME (-0.03 meq/m:/year); Craters

of Moon, ID (-0.03 meq/m2/year); Oliver Knoll, AZ (-0.03 meq/m2/year); Mesa

Verde, CO (-0.03 meq/m2/year); Alamosa, CO (-0.03 meq/mz/year); Organ Pipe

Mon., AZ (-0.02 meq/m2/year); and Newcastle, WY (-0,02 meq/m2/year).

Additionally, there are four sites with significantly increasing potassiu_

deposition. Virginia, VA (0.37 meq/m:/year); Whiteface, NY (0.23 meq/m2/

year); Oxford, OH (0.20 meq/m:/year); and Ithaca, NY (0.20 meq/m:/year). Of

the 10 largest increasing trends for potassium concentration, 9 of them are

from the MAP3Snetwork. Figure A.51 displays the spatial pattern for the

potassium concentration. Although there are a large number of sites with

significant trends, there are no large areas with consistent (either

increasing or decreasing) significant trend estimates.

3.3.9 Maqnesium

3.3.9.1 _nnual Temporal Patterns

The 31 site 1979-1988 trend subset for annual magnesium concentration

(Table A.5 and Figure A.52) has a maximum median in 1981 of 0.05 mg/l. 1985,

1986, 1987 and 1988 have approximately equal lowest medians, 0.03 mg/l. The

annual magnesium deposition (Table A.6 and Figure A.52) has a maximummedian

in 1981 of 0.43 kg/ha and a minimum median in 1987 of 0.24 kg/ha, i
The 95 site 1982-1988 trend subset for annual magnesium concentration

• (Table A.7 and Figure A.53) has the smallest medians in 1986, 1987 and 1988.

The annual magnesium deposition (Table A.8 and Figure A.53) has a maximum

median of 0.41 kg/ha in 1984 and minimum medians of 0 27 kg/ha in 1986 and
1987.
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3.3.9.2 Temporal Chanqe Analysis

Based on the modified KST test, nine of the 35 1979-1988 trend sites

exhibits a significantly (p < 0.05) decreasing trend in magnesium

concentration: Sand Spring, CO (-0.33 _eq/I/year); Chalk River, ON (-0.31

/leq/I/year);Fort Wayne, IN (-0.26_eq/I/year); Clinton Station, NC (-0.23

_eq/I/year);Brookhaven, NY (-0.20_eq/I/year); Caldwell, OH (-0.19) _eq/I/

year; Lewiston, NC (-0.19_eq/I/year);Hubbard Brook, NH (-0.15 /_eq/I/year);

and Huntington,NY (-0.08 _eq/I/year). Figure A.54 displays the trend

estimatesfor all 35 sites.

There are nine 1982-1988trend sites with significantlydecreasing

magnesium concentrationtrends: Clinton Station, NC (-0.35_eq/I/year);

University Forest, MO (-0.34_eq/I/year); Georgia Station, GA (-0.29 /_eq/I/

: year); East, MA (-0.25_eq/I/year);Chalk Creek, ON (-0°22_eq/I/year); Golden

Lake, ON (-0.21 _eq/I/year); Piedmont Station, NC (-0.20_eq/I/year); Walker

Branch, TN (-C.18 _eq/I/year);and Huntington, NY (-0.17_eq/I/year). There

are also two i_iteswith a significantlyincreasingtrend: Longwoods (b), ON

(0.46 _eq/I/y_ar);and Oxford, OH (0.13 _eq/I/year). Figure A.55 displays the

spatial patteln for the magnesium concentrationtrend estimates.

For 197_i-1988trend sites (FigureA.54), significantmagnesium

deposition de(:reasesoccur at ten sites: Chalk River, ON (-0.33 m2/year);

Clinton StatiCn, NC (-0.24 meq/m2/year); Fort Wayne, IN (-0.22 meq/m2/year);

Piedmont Stat!ion,NC (-0.20 meq/m2/year);Caldwell,OH (-0.20 meq/m2/year);

Georgia Statii:n,GA (-0.18meq/m2/year);Delaware, OH (-0.18 meq/m2/year);

Hubbard Brook,,NH (-0.17 meq/m2/year);Coweeta, NC (-0.16 meq/m2/year); and

Manitou, CO (i0.06 meq/m2/year).
f

There are 28 sites in the 1982-1988 trend subset with significantly

decreasing magnesium deposition trends: Merlin, ON (-0.66 meq/m2/year);

Victoria, TX (-0.43 meq/m2/year); Forest Seed Ctr, TX (-0.46 meq/m2/year);

University Forest, MO (-0.43 meq/m2/year); Hopland (Ukiah), CA (-0.42 meq/

m2/year); Davis, CA (-0.38 meq/m2/year); Alsea, OR (-0.35 meq/m2/year);

Shenandoah National Park, VA (-0.33 meq/m2/year); Meridian, MS (..0.33

meq/m2/year); Washington Xing, NJ (-0.32 meq/m2/year); Ashland, MO (-0.30

meq/m2/year); Walker Branch, TN (-0.28 meq/m2/year); Coweeta, NC (-0.24 meq/
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m:/year); Sequoia Nat. Park, CA (-0.22 meq/m2/year); Greenville Station, ME

(-0.22 meq/m2/year); Caldwell, OH (-0.22 meq/ms/year); Huntington, NY (-0.19)

meq/ms/year; Glacier Nat'l Park, MT (-0.16 meq/ms/year); Great Smoky Mts, TN

(-0.15 meq/ms/year); Fernberg, MN (-0.14 meq/ms/year); Spooner, WI (-0.14

meq/m:/year); Cuba, NM (-0.13 meq/ms/year); Organ Pipe Mon., AZ (-0.12 meq/

ms/year); Oliver Knoll, AZ (-0.II meq/ms/year); Sand Spring, CO (-0.11 meq/

ms/year); Alamosa, CO (-0.11 meq/m2/year); Newcastle, WY (-0.11 meq/ms/year);

and Pickle Lake, ON (-0.05 meq/ms/year). There are also two sites with a

significantly increasing trend: Wilkesport, ON (0.38 meq/ms/year); and

Ithaca, NY (0.14 meq/ms/year). Figure A.55 displays the spatial pattern for

the magnesium concentration trend estimates.

The rayplots of concentration and deposition trend estimates for both

subsets show little evidence of a trend over a large area.
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4.0 MULTIVARIATETEMPORAL PATTERNS

Section 3 discusses the temporal patterns observed for each individual

wet deposition ion species. The results suggest the sites have one or more

ion species that either have similar increasing temporal patterns or have

similar decreasing temporal patterns. Previous studies on wet deposition

trends also support this view. The purpose of this section is to discuss the

multivariate aspects of the temporal patterns observed in wet deposition for

the 1979-1988 and 1982-1988 trend site subsets.

4.1 MULTIVAR!ATETEMPORAL PATTERN CONSISTENCYACRQSSIONSPECIES

This section simultaneouslyconsidersthe nine ion species: hydrogen,

sulfate, nitrate, ammonium, calcium, chloride, sodium, potassium, and

magnesium. To facilitate the simultaneoususe of nine ions, the units used

are in terms of equivalents instead of grams. The equivalents are obtained by

dividing the number of grams by the formulaweight and multiplying by the

valence. The approachwill be first to discuss the multivariatetemporal

patterns for concentrationand then to discuss deposition. The discussion

begins with an overview of the estimated 1988 annual concentrationsfor the

ion species observed at the sites. This is followed by a comparison across

the ion species of Sen's median slope, a trend estimate associated with the

modified Kendall seasonal tau test. The trend estimate is then discussed in

terms of percent change during the period. The reference is the estimated

(using kriging) 1988 annual concentrationfor an ion species at a site. The

estimated annual concentrationis used because not all the sites have annual

summaries, due to missing or invalid samples during a significantportion of

at least one season. The magnitude of the percent change depends on the

reference base at those sites with increasingor decreasing temporal patterns

for an ion species. For example, using 1988 rather than 1982 as the

reference, results in greater percentchanges for cations at most sites, since

the cations have decreasedmarkedly over that period of time. All tables and

" figures appear at the end of Section 4.
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4,1,1 C_centration M_tivarJat_e Patterns

Boxplots in Figure 4,1 give the distribution summaries of the estimated

1988 annual precipitation-weighted concentrations of all the ions for the

1979-1988 and 1982-1988 trend sites. Note that the boxplots use the 10th and

90th percentile for the 1979-1988 subset and the Sth and 9Sth percentile for

the 1982-1988 subset. Sulfate has the largest estimated relative

concentrationin precipitation,with medians of 48.9 _eq/l for the 1979-1988

trend sites and 44.5 _eq/l for the 1982-1988 trend sites. Hydrogen was a

slightly smaller median concentrationthan sulfate, 42.3 _eq/l for the

1979-1988trend sites and 35.8 _eq/l for the 1982-1988 trend sites. Nitrate

has a median concentrationlevel of 22 _eq/l and ammonium median level is 14

_eq/l, approximately. The median concentrationfor the other ion species are

below 10 _eq/l. Sodium i_ndchloride have a skewed distribution due to large

concentrationsat severalcoastal sites that have their precipitation

chemistry influenced by sea salt. Calcium, potassium and magnesium also have

skewed distributions,due to a number of sites with relatively high

concentrations.

4. I. 1.1 Trend Estimates

The distribution of Sen's median slope trend estimates for each ion

species concentration are presented as boxplot displays in Figure 4.2 and the

percentiles are shown in Tables 4.1 and 4.2 for the 1979-1988 trend set and

the 1982-1988 trends sets, respectively. For the 1979-1988 subset only

hydrogen and nitrate have slightly more than 50% of the slope estimates

greater than zero (increasing trends). Ammoniumhas slightly less than 50% of

the slope estimates greater than zero. Ali the other ions in the 1979-1988

subset have more than 75% of the slope estimates less than zero (decreasing

trends), with all the sodium trends decreasing. For the 1982-1988 subset the

percentage of negative slope estimates are reduced for all the ions, except

hydrogen and ammonium. The most striking differences are nitrate, with over

75% of the trends increasing, and sodium with almost 50% of the trends

increasing.
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The shift toward more positive slope estimates is not necessarily due to

the additional sites in the 1982-1988 subset. For example, of the 35 sites in

1979-1988 subset, only two sites have more negative sulfate slope estimates,

. one site has the same slope and the remaining 32 sites have more positive

sulfate slopes during the 1982-1988 time period as compared to the 1979-1988

time period. Only six sites have increasing sulfate trends over the 10 year

period, while over the seven year period, 18 of the 35 sites have increasing

trends, That is, 12 of the 35 sites have decreasing slopes over the ten year

period and increasing slopes over the seven year period, None of these 12

sites have significantly increasing or decreasing slopes during either time

period. This change in trend is consistent with the national trend in sulfur

oxide emissions shown in Figure 3,2. The 1979 sulfur oxide emissions

decreased from 24.8 million metric tons/year in 1979 to 21.4 million metric

tons/year in 1982, a 13.7 percent decrease (4,6 percent decrease per year).

In 1988 the sulfur oxide emissions where 20.7 million metric tons/year, only a

3.3 percent decrease since 1982 (0.5 percent decrease per year) as compared to

a 16.5 percent decrease since 1979 (1.8 percent decrease per year). Thus,

since the 1979-1982 time period is when most of the decreases in sulfur oxide

emmissions occured, o,_ , the subset which includes this time period will
reflect this decrease.

In addition to providing Son's median slope estimate, the modified

Kendall seasonal tau provides a test of the significance for the temporal

pattern. A significance level of p < 0.05 is used as one way to summarize the

test results. For each ion species in the two trend subsets, Table 4.3

summarizes the number and percent of the trend estimates that are significant,

either decreasing or increasing. For the 1979-1988 trend sites, hydrogen,

nitrate and chloride concentration each have one site with a significant

increasing trend (a different site for' each ion). Ali the ion species have

one or more sites with significant decreasing trends. However, because there,L

are 35 sites being tested simultaneously, it is not unusual for a small number

of sites to be significant even when there is no trend (false positive).

Assuming the tests are independent, for 35 simultaneous tests three or less

significant results occur 90.4% of tile time, while five or more significant

results occur only 2.9% of the time when there is no trend. Therefore the
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number of significant decreasing slopes for sulfate, calcium, chloride,

sodium, potassium and magnesium are greater than what would be expected if

there is no trend.

For the 1982-1988trend sites, there is a lower percentage of

significantdecreasing trends and a higher percentage of significant

increasingtrends. For 137 simultaneoustests five or more significant

results occur 82% of the time when there is no trend, nine or more significant

results occur 32% of the time when there is no trend and 12 or more

significantresults occur only 4.2% of the time when there is no trend.

Therefore, only the number of significantlyincreasing slopes for nitrate and

decreasing slopes for potassium are greater than what would be expected if

there is no trend.

For hydrogen, sulfate and ammonium none of the sites which have

significanttrends in the 1979-1988subset have significanttrends in the

1982-1988subset. For calcium on'lyone site;that has a significant trend for

1979-1988also has a significanttrend for 1982-1988. For nitrate, chloride

and sodium, the two sites that have significanttrends for 1979-1988 also have

significanttrends for 1982-1988. For magnesium, only three sites with

significanttrends for the 1979-1988subset have significanttrends for the

1982-1988subset. For potassium,eight sites with significanttrends for the

1979-1988 subset have significanttrends for the 1982-1988 subset. This

coincides with the observationthat potassium is the only ion that has a

significantlylarge number of sites with decreasing trends in both the

1979-1988 and 1982-1988subset.

Table 4.4 gives the ranks, by individual ion, of the concentrationtrend

estimates for the 1979-1988trend sites, ordered by the average rank of the

nine ions. The rank of the precipitationtrend estimate is also included.

All the ions, except hydrogen behave in a somewhat consistent fashion within

the sites. None of the trend estimates for the ion concentration appear to

behave like the trend estimate for total precipitation.

4.1.1.2 Percent Change

The concentrationtrend estimatesmay also be e,i_ressedin terms of

percent chanue per year during the period. The reference for tilepercent
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change is the estimated 19_3 annual concentration for an ion species at a

site, Table 4.5, Table 4.6 and Figure 4,3 summarize the concentration percent

change results, The boxplots in Figure 4,3 also show the 95% one-at-a.time

, confidence intervals for the medians, The percent changes discussed below all

have confidence intervals that do not include zero, However, since a number

of confidence intervals are being examined simultaneously, the significance

level of these percent changes may not be as small at 5%. For the 1979-1988

trend subset, sodium has the largest median percent change, -7.0% per year.

Extrapolating this change back to 1979, the 1979 median sodium concentration

is 70% larger in 1979 than in 1988. Potassium (-4.0% per year), magnesium

(-3.6% per year), calcium (-3.2% per year), chloride (-2.3% per year) and

sulfate (-1.7% per year) also have relatively large median percent changes.

For the 1982-1988 trend subset, the median percent changes are approximately

the same as the 1979-1988 trend subset for only potassium (-4.8% per year) and

magnesium (-3.0% per year). While the median percent change for potassium is

about the same for the two trend subsets, the 1982-1988 subset has a numb,,r of

sites with large percent increases. Ali of these sites are from one network,

MAP3S. The nine MAP3Ssites in this study are included in the eleven sites

with the largest percent increases for potassium.

4,1.2 _DepositionMultivariatePatterns

Boxplots in Figure 4.4 give the distributionsummaries of the estimated

1988 annual total deposition of all the ions for the 1979-1988 and 1982-1988

trend sites. Sulfate has a median deposition of approximately42 meq/m2,

Hydrogen has a median deposition of approximately 35 meq/m2. Nitrate has a

median deposition level of 19 meq/m2 and ammoniumhas a median deposition

level of 12 meq/m2, approximately. The median deposition for the other ion

species are below I0 meq/m2. Sodium and chloride have a skewed distribution

due to high deposition at several coastal sites that have their precipitation

chemistry influenced by sea salt. Calcium, potassium and magnesium also have

skewed distributions, due to a number of sites with relatively high

deposition.
Q

4.1.2.1 Trend Estimates

The distribution of Sen's median slope trend estimates for each ion

species total deposition are presented as boxplot displays in Figure 4.5 and
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the percentiles are shown in Table 4,7 and Table 4.8 for the 1979-1988 and the

1982-1988trend subsets, respectively. For the 1979-1988 subset all the ions

have at least approximately75% of the slope estimates less than zero

(decreasing trend). All the sodium trends are negative (decreasing trends),

and over 90% of the sulfate and calcium trends are negative. For the

1982-1988 subset, all the ions have more than 50% of the slope estimates less

than zero. Over 75% of the trend estimates for hydrogen, sulfate, sodium,

potassium and magnesium are negative. Unlike the trend estimates for _.he

concentration (see Section 4.1,1,1), the interquartile ranges do not change

markedly between the two trend subsets.

Table 4.9 summarizes the number of sites with significantly decreasing

or increasing deposition trend estimates. As discussed in Section 4.1.1.1,

because a large number of sites are being tested simultaneously, a few

significant trends can be expected even when there is no change in the trend.

However, for the 1979-1988 subset, sulfate, calcium, chloride, sodium,

potassium and magnesium all have more significant decreasing trends than

chance alone would explain. For the 1982-1988 subset, sulfate, ammonium,

calcium, potassium and magnesium all have more significant decreasing trends

than chance alone would explain. Additionally, hydrogen has ten sites with

decreasing trends and no sites with increasing trends. While ten or more

significant trends can occur 18% of the time when there is no trend, these

significant trends would be expected to be both negative and positive if there

is no trend. Thus the decreasing hydrogen deposition trend also appears to be

significant.

For hydrogen and nitrate none of the sites which have significant trends

in the 1979-.1988 subset have significant trends in the 1982-1988 subset. For

sulfate, chloride and sodium onlY one site that has a significant trend for

1979-1988 also has a significant trend for 1982-1988. Calcium has only three

sites that have a significanttrend for both 1979-1988 and 1982-1988. Four of

the six sites with significantammonium trends for 1979-1988 also have a

significant trend for 1982-1988. Six of the 13 sites with significant

potassium trends for 1979-1988 also have a significant trend For 1982-1988.

This is consistent with the observations made for the concentrations.



Table 4.10 gives the ranks, by individual ion, of the deposition trend

estimates for the 1979-1988trend sites, ordered by the average rank of the

nine ions. The rank of the precipitationtrend estimate is also included.

The trends for the different ions are relatively consistent within the sites,
p

especiallyfor hydrogen, sulfate and nitrate. Additionally,the total

precipitationtrend estimate does appear to be consistent,within sites, with

the deposition trends, which was not the case with the concentration trend

estimates. The greater the precipitationis, the greater the deposition.

Consequently,the ordering of the sites by the average rank of the deposition

trends appears to be unrelatedto the ordering of the sites by the average

rank of the concentrationtrends (see Table 4.4).

4.1.2.2 Percent Chanqe

The deposition trend estimatesmay also be expressed in terms of percent

change during the period. The reference for the percent change is the

estimated 1988 annual deposition for an ion species at a site. Table 4.11,

Table 4.12 and Figure 4.6 summarizethe deposition percent change results.

For the 1979-1988trend subset, sodium has the largest median percent change,

-8.3% per year. Extrapolatingthis change back to 1979, the 1979 median

sodium concentration is 83% larger in 1979 than in 1988. Magnesium (-4.9% per

year), potassium (-4.5% per year), calcium (-4.3% per year), chloride (-3.8%

per year) and sulfate (-2.9% per year) also have relatively large median

percent changes. For tile1982-1988trend subset, the median percent changes

are larger (more negative) than the median percent changes in the 1979-1988

subset for most ions. Sodium has a large increase (less negative) in the

median percent change, to only -3.2% per year in the 1982-1988 subset.

Hydrogen,potassium and magnesium have decreases in the median percent change.

Like the potassium concentrationtrends, nine of the ten largest percent

increases for potassium deposition are MAP3S sites.

Q
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FIGURE 4.5 Ion Species Deposition Trend Estimates for (a) 1979-1988
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TABLE 4.1. Change per Year (_eq/I/year)of Precipitation-weighted
Annual Mean Concentrationfor 1979-1988Trend Sites (n = 35)

percentile
Ion MiD 10th _ 50th 75t____bh90t_____bhMax

pH(a) -0.03 -0.02 -0.01 -0.00 0.01 0.01 0.03

Hydrogen -1.56 -0.90 -0.29 0.06 0.53 1.01 1.50
Sulfate -2.46 -1.48 -1.25 -0.91 -0.17 0.31 0.83
Nitrate -0.73 -0.54 -0.33 0.03 0.25 0.49 0.68
Ammonium -1.89 -0.52 -0.36 -0.03 0.30 0.40 0.85
Calcium -1.30 -0.61 -0.41 -0.27 -0.11 -0.06 0.15
Chloride -1.05 -0.56 -0.24 -0.11 -0.00 0.18 0.40
Sodium -1.20 -0.91 -0.62 -0.32 -0.17 -0.08 -0.04
Potassium -0.37 -0.08 -0.05 -0.03 -0.01 0.05 0.15
Magnesium -0.33 -0.23 -0.19 -0.09 -0.05 0.01 0.05

(a) pH units

TABLE 4.2. Change per Year (_eq/I/year)of Precipitation-weighted
Annual Mean Concentrationfor 1982-1988Trend Sites (n = 137)

....Percentile
Ion Min Sth 25th 50th _ 9Sth Max

pH(a) -0.03 -0.03 -0.01 0.01 0.02 0.05 0.08

Hydrogen -7.87 -3.15 -1.22 -0.25 0.50 1.76 2.77
Sulfate -3.13 -2.08 -0.69 -0.13 0.55 2.04 2.99
Nitrate -1.05 -0.69 0.04 0.44 0.94 2.08 2.67
Ammonium -2.67 -1.03 -0.41 0.02 0.55 1.66 3.36
Calcium -1.81 -0.92 -0.28 -0.05 0.25 1.24 3.25
Chloride -1.78 -0.68 -0.14 0.00 0.10 0.46 0.72
Sodium -2.41 -0.51 -0.12 -0.02 0.05 0.20 1.01
Potassium -0.18 -0.11 -0.06 -0.03 -0.00 0.20 0.43
Magnesium -0.63 -0.38 -0.19 -0.09 0.01 0.30 0.59

(a) pH units
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TABLE 4.3. Number and Percent of Significantly (p < 0.05) Decreasing and
IncreasingTrend Estimatesby Ion Species for Concentrationat
1979-1988and 1982-1988Trend Sites

1979-1988Trend Sites 1982-1988Trend Sites
, Decrease None _ncrease Decrease None Increase

Ion Species % N N N % % N N N %

pH 3 I 32 2 6 2 3 131 3 2

Hydrogen 6 2 32 I 3 2 3 131 3 2

Sulfate 17 6 29 0 0 2 3 133 I I

Nitrate 3 i 33 I 3 I 2 123 12 9

Ammonium 9 3 32 0 0 7 9 121 7 5

Calcium 17 6 29 0 0 I 2 129 6 4

Chloride 26 9 25 I 3 I 2 128 7 5

Sodium 46 16 19 0 0 I 2 133 2 I

Potassium 40 14 21 0 0 18 24 107 6 4

Magnesium 26 9 26 0 0 7 9 126 2 I
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TABLE 4.4. Ranks by Ion of Annual COncentrationTemporal Change for 1979-1988
Trend Sites (Ordered by Average Rank)

Ave

SITEN, Preci_ mH S04 NO___3C..L NH..__4N_A_A _ CA MG__.G__Ran____kk

Chalk f ver 19 34 I ii i 9 2 I I 2 6,9
Fort W_ ine 20 2 10 3 10 11 20 5 3 3 7,4
Mead 28 14 2 6 9 i 10 3 8 18 7,9
Davis 25,5 13 9 10 2 7 i I0 23 5 8,9
Manitoll 12 24 3 i 16 4 14 6 B i0 9,3 _-,
Sand S_ring 25.5 18 4 4 18 3 16 23 2 I 9,9
Dixon l_prings 3 9 8 12 7 5 22 ii i0 15 ii,0
Brookhlven 33 8 18 21 4 13 4 IB 19 B 12,1
Lamberton IB 16 7 13 13 2 15 4 13 28,5 12,4

ELA ( ) 29 19 11 16 3 29 7 2 5 21 12,6
Marce 21 I0 20 7 15 8 30 7 9 16 13,B
Hubbar Brook 6 11 17 B 12 18 21 20,5 18 12 15,3

PiedmOnt Station 4 21 16 26 6 22 9 13 14 11 15,3
BradfOrd Forest 34 33 Z5 23 8 16 5 8 20 7 16,1
Wells_on 32 6 5 9 ii 12 31 15 33 27 iB,B
Caldw_ll 10 17 21 5 20 30 23 22 4 9 16,8
HuntiOgton 30 15 B 17 17 14 2B 20,5 IB 19 16,9
Bondville 23 20 19 2 24 B 32 9 26 25,5 18,2

GeorgliaStation 17 30 26 20 14 I0 13 14 28 13 18,7
Lewis_on 18 23 24 22 19 20 8 25 21 8 18,9
Wooster 9 12 12 25 21,5 34 24 17 11 14 18,9

Parsons 7 2B 23 19 25 19 25 12 7 17 19,2
Clinton Station 5 29 32 31 5 27 B 18 25 4 19,7
Illinois 27 7 13 14 30 23 2B Z7,5 17 20 19 7

Oxford 31 4 14 15 31 17 29 32 15 28,5 20 B
Coweeta i 28 28 24 23 21 18 27.5 30 23 24 7
Kane_ 14 32 31 28 27,5 15 33 19 22 22 25 5
Whiteface 35 3 22 18 33 26 34 33,5 29 31 25 5
Lewes 11 22 33 30 29 25 3 24 31 33 _25B
Penn State 13 25 27 33 32 31 17 30 12 24 25 7
Finley (A) 15 31 29 27 26 24 11 31 27 30 26 2
Delaware 2 27 30 29 21.5 35 19 26 24 25,5 2B 3
Ithaca 22 I 15 32 35 28 35 33,5 34 34 27 5
Horton's Station 24 35 35 35 27,5 32 12 29 32 32 29 9
Virginia B 5 34 34 34 33 27 35 35 35 30 2
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TABLE 4,5. Percent Change per Year of Precipitation-weightedAnnual
Mean Concentrationfor 1979-1988Trend Sites (n = 35)

Percentile
Ion Min 10th 2Sth 50th 75th 90th Max

pH -0.72 -0.38 -0.14 -0.05 0.16 0,27 0.59

, Hydrogen -3.45 -2.52 -1.32 0.44 1.65 2.37 5.71
Sulfate -21.41 -6.48 -3.46 -1.73 -0.29 0.78 1.60
Nitrate -6.05 -3.05 -I.32 0.16 1.09 1.98 3.43
Ammonium -13.14 -6.31 -2.17 -0.24 2.01 3.68 4.73
Calcium -15.31 -6.71 -5.73 -3.23 -1.76 -0.68 1.58
Chloride -31.68 -8.05 -4.97 -2.28 -0.05 3.51 6.58
Sodium -59 59 -15.25 -9.70 -6.97 -5.07 -2.82 -1.38
Potassium -50.24 -11.51 -6.59 -3.99 -0.73 6.35 15.94
Magnesium -14.41 -8.97 -6.97 -3.60 -I.76 0.36 1.46

TABLE 4.6. PercentChange per Year of Precipitation-weightedAnnual
Mean Concentrationfor 1982-1988Trend Sites (n = 137)

" Percentile
Ion Min Sth 2Sth 5Oth 7Sth 9Sth Max

pH -0,73 -0.63 -0.20 0.16 0.42 1.00 1.53

Hydrogen -32.22 '10.82 -4.00 -1,48 1.65 4.49 6.28
Sulfate -10.96 -8.40 -.2.92 -0.35 1.16 3.42 5.00
Nitrate -6.95 -4.94 0.21 1.97 3.80 6.13 11.34
Ammonium -41.57 -14.93 -3.78 0.09 2.82 6.94 10.42
Calcium -13.27 -8.88 -3.83 -0.53 2.16 6.90 11.44
Chloride -30.66 -10.17 -2.98 0.00 1.95 9.23 11.86
Sodium -45.06 -9.66 -3.04 -0.77 1.14 5.45 13.45
Potassium -30.51 -18.12 -8.86 -4.84 -0.45 23.65 49.93
Magnesium -33.47 -14.68 -6.74 -3.03 0.52 5.60 8.70
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TABLE 4.7, Change per Year (meq/m2/year)of Annual Deposition for
1979-1988Trend Sites (n : 35)

Percentile

Ion....... Min 10th 25th 50th 75th 90th Max
*w

Precip(a) -7.11 -3.22 .-1.71 -0.73 -0.04 1.82 2.47

Hydrogen -2.29 -1.35 -0.89 -0.31 0.04 0.44 1,43
Sulfate -2.61 -2.17 -1.49 -0.84 -0.35 -0.12 0.33
Nitrate -0.76 -0.60 -0._2 -0.20 -0.05 0.22 0.55
Ammonium -1.50 -0.54 -0.30''_ -0.16 0.00 0.22 0.46
Calcium -1.18 -0.56 -0,37 -0.26 -0.18 -0,10 0,17
Chloride -0.84 -0.59 -0.30 -0.12 -0.06 0.17 0,24
Sodium -1.27 -0.78 -0,58 -0.28 -0.12 -0.06 -0,03
Potassium -0.32 -0.06 -0.04 -0.03 0.00 0,03 0.09
Magnesium -0.33 -0.20 -0.16 -0.11 -0.06 0.00 0,07

(a) Annual precipitation (cm)

TABLE 4.8. Change per Year (meq/m2/year)o_ Annual Deposition for
1982-1988Trend Sites (n = 137)

Percentile
Ion _Min . 5th 25rh 50th 7Sth 9Sth Ma_____x

Precip(a) -11.90 -8.34 -3.88 -2.39 -1.05 -0.70 6.01

Hydrogen -8.09 -3.63 -1.62 -0.64 -0.14 0.76 2.20
Sulfate -4.85 -3.48 -1.44 -0.83 -0.35 0.89 2.76
Nitrate ,.2.61 -I.30 -0.48 -0.18 0.38 1.49 2.10
Ammonium -2.79 -1.16 -0.60 -0.23 0.22 0.92 1.78
Calcium -1.63 -0.88 -0.39 -0.23 0.01 0.89 2.41
Chloride -2.05 -0.93 -0.26 -0.11 0.00 0.18 0.58
Sodium -2.72 -0.72 -0.23 -0.09 -0.03 0.06 0.18
Potassium -0.19 -0.11 -0.06 -0.03 -0.02 0.13 0.37

Magnesium -0.66 -0.42 -0.22 -0.12 -0.05 0.19 0.44

(a) Annual precipitation (cm)
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TABLE 4.9. Number and Percent of Significantly(p < 0_05) Decreasing and
IncreasingTrend Estimatesby Ion Species for Deposition at
1979-1988 and 1982-1988Trend Sites

1979-..1988Trend Sites 1982-1988Trend Sites
, Decrease Non____eeIncrease Decrease None Increase

Ion Species % N N N % % N N N %

• Precipitation 14 5 30 0 0 8 11 126 0 0

Hydrogen 3 I 33 I 3 7 10 127 0 0

Sulfate 29 10 25 0 0 10 14 123 0 0

Nitrate 9 3 32 0 0 4 5 129 3 2

Ammonium 11 4 29 2 6 9 13 123 I I

Calcium 49 17 22 0 0 13 18 115 4 3

Chloride 34 12 22 I 3 9 12 123 2 I

Sodium 57 20 15 0 0 7 9 128 0 0

Potassium 37 13 22 0 0 29 40 93 4 3

Magnesium 29 10 25 0 0 20 28 107 2 I
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TABLE 4.10. Ranks by Ion of Annual DepositionTemporal Change for 1979-1988
Trend Sites (Ordered by Average Rank)

Ave

SITENAME Pre_._g_j_2H S0___4NO___3CL NH4 N..AA K CA M_._G_GRank

Coweeta i 3 I I 6 5 5 14,5 13 9 6.4
Clinton Station 5 B 9 10 3 18 4 10 9 2 7,9

Dixon Springs 3 5 2 4 10 3 20 14.5 2 12 8.1
Piedmont Station 4 12 3 12 5 12 7 10 12 4,5 8,B
Chalk River 19 33 5 26 1.5 I0 3 1 I I 9.1
Delaware 2 2 4 3 17 11 15 19 6 7 9.3
Hubbard Brook 6 7 8 2 11 IB 12 18 14 8 10.7
Davis 25.5 23 15 6 4 4 2 14.5 19 10.5 10.9
Parsons 7 17 6 9 13 7 22.5 4 3 16,5 10.9
Caldwell I0 Ii 13 5 12 25 17 20.5 5 4.5 12.6
Lamberton IB 24 14 14 19 I 21 3 7.5 16.5 13.3

Georgia Station 17 30 16 19 9 6 9 8 17 6 13.3
Fort Wayne 20 10 33 11 21 19 24 5.5 4 3 14.5
Finley (A) 15 16 12 7 8 14 6 30.5 27 16.5 15,2
Wooster 9 8 7 23 16 23.5 17 22.5 7.5 13 15.3
Lewes 11 9 21 24 1.5 28 I 10 26 23.5 16.0
Penn State 13 4 11 17 26 22 17 27.5 11 23.5 17.7

ELA (b) 29 21 19 20 7 27 13 2 24 30 18.1
Wellston 32 15 18 8 15 8 31 22.5 29 16.5 i8,1
Head 28 26 28 27 14 2 14 7 28 23.5 18.8
Marcell 21 20 20 13 22 9 29.5 17 21 27 19.8
Bradford Forest 34 35 35 31 25 23.5 8 5.5 17 I0,5 21.2
Kane 14 32 22 30 23 26 19 12 10 16.5 21.2
BonL,ille 23 19 31 16 29 13 34 14.5 15 23.5 21,7

Sand Spring 25.5 27 24 18 28 17 27 25 17 21 22.7
Huntington 30 29 23 25 24 15 25 24 22 20 23.0
Manitou 12 25 26 15 27 20 26 20.5 24 26 23,3
Lewiston 18 31 25 32 18 31 11 27.5 20 IB.5 23.B
Oxford 31 13 17 22 31 29 29,5 32 24' 29 25.2
Horton's Station 24 28 27 28 20 30 10 27.5 32 28 25.6
Ithaca 22 I 10 29 33 32 32.5 33 34 32.5 26.3
Illinois 27 22 30 21 32 33 35 30.5 30 31 29,4
Brookhaven 33 34 32 35 30 21 22.5 27.5 31 32.5 29,5
Whiteface 35 14 29 34 35 34 32.5 34 33 34 31.1

Virginia 8 18 34 33 34 35 26 35 35 35 31.9
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TABLE 4,11. Percent Change per Year of Annual Deposition for 1979-1988
Trend Sites (n = 35)

PercentiIeL

Ion Min 10th _th 50th 7Sth 90th Max

Frecip -5 57 -3.58 -2.32 -0.72 0.06 1.38 2.51
L

w Hydrogen -4.03 -3.40 -2.39 -I.06 0.27 1.48 6.58
Sulfate -30.94 -6.33 -4.57 -2.86 -0.95 -0.28 1.15
Nitrate -17.12 -4.29 -2.63 -I.50 -0.19 1.54 2.56
Ammonium -29.02 -7.77 -3.23 -1.63 0.00 1.94 4.19
Calcium -16.64 -8.13 -6.67 -4.33 -2.42 -I.27 2.36
Chloride -_1.52 -I0.30 -6.51 -3.81 -1.10 3.75 6.41
Sodium -68.56 -18.49 -12.06 ..8.26 -3.95 -2.19 -I.31
Potassium -51.53 -13.95 -7.08 -4.47 0.00 5.11 13.43
Magnesium -18.12 -11.29 -8.68 -4.88 -2.22 0.00 2.70

TABLE 4.12. Percent Change per Year of Annual Deposition for 1982-1988
Trend Sites (n = 137)

Perccn_lle
Ion _..MMin_L Sth _]Sth 50th 7Sth 95th Max

Precip -22.96 -9.13 -4.99 -3.29 -1.45 0.68 7.00

Hydrogen -35.39 -12.75 -6.37 -3.62 -1.05 2.58 5.63
Sulfate -37.39 -18.09 -5.04 -2.93 -0.97 2.16 6.02
Nitrate -44.05 -13.64 -3.68 -1.25 1.31 4.87 6.67
Ammonium -135.34 24.65 -8.33 -2.66 1.18 4.95 7.12
Calcium -22.29 -14.33 -7.17 -3.24 0.19 6.91 11.92
Chloride -35.38 -24.06 -6.89 -3.19 0.00 4.12 11.57
Sodium -43.80 -17.78 -6.30 -3.18 -I.10 1.65 10.68
Potassium -52.40 -27.06 -12.60 -7.53 -4.01 18.79 46.70
Magnesium -37.35 -25.20 -I0.77 -6.16 -I.40 5.10 7.46
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FIGURE A.18_. Temporal Pattern of Annual Precipitation-weightedHydrogen Ion
Concentration. Boxplots are the 10th, 2Sth, 50th, 75th and
90th Percentilesof Sites in the 1979-88 Trend Subset.
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FIGUREA.21a. TotalPrecipitation(cm)TrendEstimatesfor 1982-88Trend
Subset. Ray AngleProportionalto TrendEstimate. Solid
SymbolIndicatesSignificantTrend (p< 0.05).

FIGUREA.21b. pH Trend Estimates for 1982-88 Trend Subset. Ray Angle
Proportional to Trend Estimate. Solid Symbol Indicates
Significant Trend (p < 0.05).
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FIGURE A.?.2a. Hydrogen Concentration(_eq/l) Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificantTrend (p < 0.05).

...:.. -_ , :_'.._..,. ., ; : ..;-'
': .'_ '. . :_' '.:_ "_g ..• _ .' .

' ',.. • ',. • . ' .L.". :

' _ "" ,.,,, ., ' I. .. _ / ." "" f ,'.' "_,

: _. .'_-,,_ .' .', :r I" ':'_'' '",.'KL'.'"_

; ,_' _ ....... _ ........ '. _/,' .. .._.,_ ...v
•' ' . "...._'_'".' .........._....."; '._"_ : # ,_" i '. ./ ." _;'"

• ; ' • ' ' ' " _" ' il _ ," , ._ , ,"
• ..' .............._.. ' ; ;, ",..._._.... , ... / : ,'! ..

." " , ; ,,"" d' . .,_:; ""_,,..,, " , ,,_ _; ", , .:_"" '"'

......... ' • .... ! "'. I . .'.)Q'_: : ,' .,"" ' ',.:'" .>....

" "'>.......'_.... ' ! i..}..._."::>._.._<'%"..,.:_,,., :..",:/"_
I , .. -r ..... ..I: v............. ; " ', '. _".i" .':_l'- . _"..:_'I_

;, .' .'' , _ ...._, "C......''" .:

,'.....i' ,-....................'" "
',,%

....; "'.'.:.... ,.
! . _,- ,_ ..

.___1.43 ".\ ,:...... ,_ :
• , ,j i,,,,

FIGUREA.22b. Hydrogen Deposition (meq/m_) Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportional to Trend Estimate. Solid
Symbol Indicates Significant Trend (p < 0.05).
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FIGURE A.23a. Hydrogen Concentration (l_eq/l)Trend Estimates for 1982-88
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FIGURE A.23b. Hydrogen Deposition (meq/m2) Trend Estimates for 1982-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificantTrend (p < 0.05).
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Trend Subset. Ray Angle Proportional to Trend Estimate. Solid
Symbol Indicates Significant Trend (p < 0.05).
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FIGURE A.26b. Sulfate Depostion (meq/m2) Trend Estimates for 1979-88
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FIGURE A.27a. Sulfate Concentration(_eq/l)Trend Estimates for 1982-88
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Symbol IndicatesSignificant'Trend(p < 0.05).
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FIGUREA.31b. NitrateDeposition(meq/m2) TrendEstimatesfor 1982-88
TrendSubset. Ray AngleProportionalto TrendEstimate. Solid
SymbolIndicatesSignificantTrend(p < 0.05).
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FIGURE A.34a. Ammonium Concentration (/_eQ/l)Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificantTrend (p < 0.05).
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FIGURE A.35a. Ammonium Concentration (/_ecl/l)Trend Estimates for 1982-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificant Trend (p < 0.05).
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FIGURE A.35b. Ammonium Deposition (meq/mz) Trend Estimates for 1982-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificantTrend (p < 0.05).
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FIGURE A.38a. Calcium Concentration(/_eq/l)Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificant Trend (p < 0.05).
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FIGURE A.38b. Calcium Deposition (meq/mz) Trend Estimates for 1979-88
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Symbol IndicatesSignificant Trend (p < 0.05).
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FIGURE A.39a. Calcium Concentration (_eq/l) Trend Estimates for 1982-88
Trend Subset. Ray Angle Proportional to Trend Estimate. Solid
Symbol Indicates Significant Trend (p < 0.05).
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FIGURE A.39b. Calcium Deposition (meq/m 2) Trend Estimates for 1982-88 Trend
Subset. Ray Angle Proportional to Trend Estimate. Solid
Symbol Indicates Significant Trend (p < 0.05).
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FIGURE A,42a. Chloride Concentration (/_eq/l)Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificant Trend (p < 0.05).
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FIGURE A.42b. Chloride Deposition (meq/m2) Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificant Trend (p < 0.05).
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FIGUREA,43a. ChlorideConcentration(/_eq/l)TrendEstimatesfor 1982-88
TrendSubset. AngleProportionalto TrendEstimate. Solid
SymbolIndicatesSignificantTrend (p < 0.05).
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FIGUREA.43b. Chloride Deposition (meq/mz) Trend Estimates for 1982-88
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Symbol Indicates Significant Trend (p < 0.05).
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FIGURE A.46_. Sodium Concentration(_eq/l) Trend Estimates for 1979-88
Trend Subset. Ray Angle Proportionalto Trend Estimate, Solid
Symbol IndicatesSignificantTrend (p < 0.05).
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FIGUREA.46b. Sodium Deposition (meq/m2) Trend Estimates for 1979-88 Trend
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Symbol Indicates Significant Trend (p < 0,05),
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FIGURE A.47a. Sodium Concentrations(_eq/l) Trend Estimates for 1982-88
Trend Subset. Ray Angle Proportionalto Trend Estimate. Solid
Symbol IndicatesSignificantTrend (p < 0.05).

FIGURE A.47b. Sodium Deposition (meq/mz) Trend Estimatesfor 1982-88 Trend
Subset. Ray Angle Proportional to Trend Estimate. Solid
Svmbol Indicat__s Sianific_nt Tr_.nd In _ (_.f).B_.
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FIGUREA.5Oa. PotassiumConcentration(peq/l)TrendEstimatesfor 1979-88
TrendSites. RayAngleProportionalto TrendEstimate. Solid
SymbolIndicatesSignificantTrend (p < 0.05).
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SymbolIndicatesSignificantTrend (p < 0.05).
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FIGUREA.52a. Temporal Pattern of Annual Precipitation-weighted Magnesium Ion
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FIGURE A.54a. Magnesium Concentration(_eq/l)Trend Estimatesfor 1979-88
Trend Sites Map Ray Angle Proportionalto Trend Estimate.
Solid Symbol IndicatesSignificantTrend (p < 0.05).
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FIGUREA.54b. Magnesium Deposition (meq/mZ)Trend Estimates for 1979-88
Trend Sites. Map Ray Angle Proportional to Trend Estimate.
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TABLE A_!,. 1979-1988 Trend Sites Ordered by Sitename

State/
Sltename Province Network _ _DS ID Latitude _ Comments

Bondville Illinois NADP/NTN O1020a 40,05 -88,37
Bradford Forest Florida NADP/NTN OlOlSa 29,97 -82,20 A
Brookhaven New York MAP3S 06048a 40,87 -72,88 I
Caldwell Ohio NADP/NTN 01056a 39.79 -81,53
Chalk River Ontario CAPMoN/APN 04141a 46.07 -77,40 3,4
Clinton Station North Carolina NADP/NTN 01052a 35 03 -78,28 J
Coweeta North Carolina NADP/NTN O1050a 35 OB -83.43
Davis California NADP/NTN 01009a 38 54 -121,78 0
Delaware Ohio NADP/NTN 01055a 40 36 -83,07

Dixon Springs Illinois NADP/NTN 01023a 37 44 -88.87
ELA (b) Ontario CAPMoN/APN 04135a 49 87 -93,72 3,4
Finley (A) North Carolina NADP/NTN 01053a 35 73 -78,68
Fort Wayne Indiana UAPSP/OEN 08156a 41 04 -85,32 2

Georgia Station Georgia NADP/NTN 01017a 33 18 -84,41
Horton's Station Virginia NADP/NTN 01073a 37 33 -80,56 0
Hubbard Brook New Hampshire NADP/NTN 01039a 43 94 -71,70
Huntington New York NADP/NTN 01168a 43 97 -74.22
Illinois Illinois MAP3S 06020a 40 05 -88.37 I
Ithaca New York MAP3S 06044a 42 40 -78.85 I

Kane Pennsylvania NADP/NTN 01063a 41 60 -78.77
Lamberton Minnesota NADP/NTN 01035a 44 24 -95,30
Lewes Delaware MAP3S 06013a 38 77 -75,00 I
Lewlston North Carolina NADP/NTN 01049a 36 13 -77.17
Manltou Colorado NADP/NTN 01011a 39 10 -105 09 0
Marcell Minnesota NADP/NTN 01034a 47 53 -93 47
Mead Nebraska NADP/NTN 01038a 41 15 -98 49
Oxford Ohio MAP3S 06057a 39 53 -_4 72 I
Parsons West Virginia NADP/NTN 01075a 39 09 -79 6G
Penn State Pennsylvania MAP3S 06065a 40 79 -77 95 I
Piedmont Station North Carolina NADP/NTN 01051a 35 70 -80 82

Sand Spring Colorado NADP/NTN 01173a 40 51 -107 70
Virginia Virginia MAP3S 06072a 38 04 -78 54 i
Wellston Michigan NADP/NTN 01033a 44 22 -85 82 0
Whiteface New York MAP3S 06043a 44 39 -73 86 I
Wooster Ohio NADP/NTN 01058a 40.78 -81 92

Comments:

0 No annual average

I No annual average for hydrogen

2 No annual average for sulfate
3 No annual average for chloride
4 No annual average for sodium
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TABK_ A,2. 1982-1988Trend Sites Ordered by Sitename

Sltename _tatelProylnae Network _ _ati_qde Lonnltudq Comments

Acadia _ 11/81 Maine NADP/NTN 01257a 44,37 -68,26 0

Alamosa Colorado NADP/NTN 011BOa 37,44 -105,87
Alsea Oregon NADP/NTN 01059a 44,39 -123,82
Alvlnston Ontario APIOSC 121BOa 42,83 -81 83
Argonne Illinois NADP/NTN 01021a 41,70 -88 O0

& Ashland Missouri NADP/NTN 01252a 38,75 -92 20
Aurora New York NADP/NTN 01040a 42,73 -76 BB
Balsam Lake Ontario APIOSD 07225a 44,63 -78 86 5,7
Bear Island Ontario APIOSC 12198a 46,97 -80 08 0

Bennett Bridge New York NADP/NTN 01048a 43,53 -75 95
Bennlngton Vermont NADP/NTN 01249a 42,88 -73 16 0
Big Bend Nat'l Pk Texas NADP/NTN 01070a 29,30 ..I0318 0
Big Moose New York UAPSP/OEN 08243a 43,82 -74 90 0
Bondville Illinois NADP/NTN 01020a 40,05 -88 37
Bradford Forest Florida NADP/NTN 01015a 29,97 -82 20
Brldgton Maine NADP/NTN 01184a 44,11 -70 73
Brookhaven New York MAP3S OB048a 40,87 -72 88 I
Caldwell Ohio NADP/NTN 01056a 39,79 -81 53

Campbellford Ontario APIOSC 12!89a 44,29 -77 79 0
Caribou (a) Maine NADP/NTN 01163a 46,87 -68 01
Chalk River Ontario CAPMoN/APN 04141a 46,07 -77 40 3,4
Charleston Lake Ontario APIOSD 07227a 44.50 -76 04 5,7
Chautauqua New York NADP/NTN 01041a 42,30 -79 40
Clinton Station North Carolina NADP/NTN 01052a 35,03 -78 28
Colchester Ontario APIOSC 12176a 41,99 -82 93
Coldwater Ontario APIOSC 12190a 44,83 -79 54
Coweeta North Carolina NADP/NTN 01050a 35,06 -83 43
Craters of Moon Idaho NADP/NTN 01019a 43,46 -113 55 0
Cuba New Mexico NADP/NTN 01280a 36,04 -i06 97
Dalhousie Hills Ontario APIOSC 12193a 45,32 -74 47
Davis California NADP/NTN 01009a 38,54 -121 78 0
Delaware Ohio NADP/NTN 01055a 40,36 -83 07
Dixon Springs Illinois NADP/NTN 01023a 37.44 -88 67
Dorion Ontario APIOSC 12204a 48,84 -88 61
Dorset (b) Ontario APIOSD 07087a 45,22 -78 93
Dorset (c) Ontario APIOSC 12087a 45,22 -78 93

Douglas Lake Michigan NADP/NTN 01031a 45.56 -84 68
ELA (b) Ontario CAPMoN/APN 04135a 49,67 -93 72 3,4
Ear Falls Ontario APIOSC 12206a 50.64 -93 22 4-7
East Massachusetts NADP/NTN 01277a 42,38 -71 21
EvergladesNat, Pa Florida NADP/NTN 01016a 25,39 -80 68 0
Fayetteville Arkansas NADP/NTN 01004a 38,10 -94 17
Fernberg Minnesota NADP/NTN 01166a 47,95 -gl 50
Fernberg Minnesota APIOSD 07168a 47,95 -91 40 0
Finley (A) North Carolina NADP/NTN 01053a 35,73 -78 68
Forest Seed Ctr Texas NADP/NTN 01254a 31.56 -94 86
Fort Wayne Indiana UAPSP/OEN 08156a 41,04 -85 32 2
Gaylord Michigan UAPSP/OEN 08241a 44,95 -84 64 0
Georgia Station Georgia NADP/NTN 01017a 33,18 -84 41

.. G1acler Nat'l Park Montana NADP/NTN 01037a 48.51 -114 O0 0
Golden Lake Ontario APIOSC 12194a 45.61 -77 20 5

Gowganda Ontario APIOSC 12200a 47,65 -80 78 3,5,7
Grand Canyon Arizona NADP/NTN 01068a 36,07 -112 15 0

$ Comments:

O No annual averages 1 No annual average for hydrogen
2 No annual average For sulfate 3 No annual average For chloride
4 No annual average for sodium 5 No annual average For potassium
6 No annual average For calcium 7 No annual average For magnesium
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IABLEA,2, 1982-1988TrendSitesOrderedby Sitename(Contd,)

_It_name .... S_atelProvinq_ _Lg_!b_Cg.l__ _ LonnltudB __q!It_!1._

Great Smoky Mts TBMrIBBBBB NADPINTN 01028a 35,BB -B3,59 0
5reenvllle Station Maine NADP/NTN O1030a 45,49 -BB,B6
H,J, Andrews Oregon NADP/NTN 010Bla 44 21 -122,25 4
Hopland (Ukiah) California NADP/NTN OlO01a 39 O0 -[23,00 0
Horton's Station Virginia NADPINTN OlO/3a 37 33 -B0,56 0
HubbardBrook New Hampshire NADP/NTN 01039a 43 94 -71,70
Huntington New York NADP/NTN 01168a 43 97 -74,22 #
Huron Park Ontario APIOSC 12183a 43 29 -81,50
:Illinois Illinois MAP3S OBO20a 40 05 -88,37 I
Indlana Dunes Indiana NADP/NTN 0102Be 41 B3 -Bl,OB
Ithaoa New York MAP3S 00044a 42 40 -le,B5 I

Jasper New York NADP/NTN 01047a 42 11 -77,54
Kane Pennsylvania NADP/NTN 010B3a 41 60 -78,77
KeJimkujlk (b) Ontario CAPMoN/APN 04103a 44 43 -B5,20 4
Kellogg Miahlgan NADP/NTN 01032a 42 41 -85,39
Killarney Ontario APIOSC 1219Be 45 99 -81 49
Lao Le Crolx (a) Ontario APIOSC 12208a 48,35 -92 21 0
Lamberton Minnesota NADP/NTN 01035a 44,24 -95 30

Leading Ridge Pennsylvania NADP/NTN 01064a 40,66 -77 94
Lewes Delaware MAP3S OBOJ3a 38,71 -15 O0 !
Lewlston North Carolina NADP/NTN 01049a 36,13 -77 17

Longwoods (b) Ontario APIOSD 07143a 42,88 -81 48
Manltou Colorado NADP/NTN 01011a 39,10 -105 09 0
Marcell Minnesota NADP/NTN 01034a 47,53 -93 47

Marshall Texas UAPSPIOEN 08247a 32,87 -94 42 2
Mattawa Ontario APIOSC 12197a 4B.ZB -78 82
McKellar Ontario APIOSC 12195a 45,52 -79 92
Mead Nebraska NADP/NTN 01038a 41 15 -96 49
Melbourne Ontario APIOSD 07221a 42 79 -81 5B

Meridian Mississippi NADP/NTN 01036a 32 33 -88 74 0
Merlin Ontario APIOSC 12177a 42 25 -82 22
Mesa Verde Colorado NADPINTN 01029a 37 20 -I08 49
Montmoren_y Ontario CAPMoNIAPN 04144a 47 32 -71 15 3,4
Moonbeam Ontario APIOSC 12201a 49,32 .,8215
Newcastle Wyoming NADP/NTN 01255a 43,87 -104 19
Nithgrove Ontario APIOSD 07224a 45,20 -79 Ol 1,4-7
North Easthope Ontario APIOSD 07222a 43,41 -80 89
Oak Ridge Tennessee MAP3S 08171a 35.98 -84,29 I
Oliver Knoll Arizona NADP/NTN 01054a 33,07 -I09,86
Organ Pipe Mon, Arizona NADP/NTN 01003a 31,95 -112,80 0
Oxford Ohio MAP3S 08057a 39,53 -84,72 I
Palmerston Ontario APIOSC 12182a 43.81 -80,90 1

Parsons West Virginia NADP/NTN 01075a 39,09 -le,Be
Pawnee Colorado NADP/NTN 01012a 40,81 -104,75

Penn State Pennsylvania MAP3S OBOB5a 40 79 -77,95 I
Pickle Lake Ontario APIOSC 12207a 51 4G -90,20 0
Piedmont Station North Carolina NADP/NTN 01051a 35 70 -80,B2
Pinedale Wyoming NADP/NTN 01284a 42 93 -109,79
Port Stanley Ontario APIOSC 12178a 42 67 -81,17
Quabbin Reservoir Massachusetts NADP/NTN 01276a 42 39 -72,34 0
Quetico Centre Ontario APIOSD 07233a 48 41 -91,20 4-7 w',
Rallton Ontario APIOSD 07228a 44 38 -76,59
Raven Lake Ontario APIOSD 07226a 44 Bl -78,91 4-7
Salem Illinois NADPINTN 01161a 38 64 -88,97

Comments:

0 No annual averages i No annual average for hydrogen
2 No annual average for sulfate 3 No annual average for chlorldB
4 No annual average for sodium 5 No annual average for potassium
G No annual average for calclum 7 No annual average for magnesium
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TABLEA,2, 1982-1988TrendSitesOrderedby Sitename(Contd,)

_Itename , State/ProvlnQe _L_L_L_C_.r.J__ Latitude Lo_Itude

Sand Spring Colorado NADP/NTN 01173a 40,51 -107 70
Sequola Nat, Park California NADP/NTN OlOOBa 38,57 -I18 78 0
Shabbona llllnolB NADP/NTN 01024a 41,84 -88 85
Shallow Lake Ontario APIOSC 18181a 44,58 -81 09

ShenandoahNat'l V1rginia NADP/NTN 01250a 38,52 -78,44 0
& Smith's Falls Ontario APIOSC 12192a 44,94 -75 98 7

Southern Ill U Illinois NADP/NTN 01022a 37,71 -89 27

Spooner Wis_onsln NAOP/NTN 01077a 45,82 -91 87
Tanbark Flat California NADP/NTN 01270a 34,21 -117 78 0
Teddy Roosevelt NP North Dakota NADP/NTN 01082a 47,80 -103 20 0
Trout Lake WJsaoneln NADP/NTN 01076a 46,05 -89 65
Underhlll Center Vermont LIAPSP/OEN 08248a 44,53 -72 87 2
UniversityForest Missouri NADP/NTN 01253a 38,91 -90,32
Uvalda Georgia UAPSP/OEN 08237a 32,08 -82,47 0
Uxbrldge Ontario APIOSC 12187a 44,21 -79,21 0
Victoria Texas NADP/NTN 01071a 28,85 -96,92 0
Virginia Virginia MAP3S 06072a 38,04 -78,54 I
Walker Branch Tennessee NADP/NTN 01171a 35,98 -84,29
WashlngtonXlng New Jersey NADP/NTN 01285a 40,31 -74,85
Waterloo Ontario APIOSC 12184a 43,48 -80,59
Wellesley Ontario APIOSD 07223a 43,47 -80,76

Wellston Michigan NADP/NTN 01033a 44,22 -85,82
Whiteface New York MAP3S 06043a 44,39 -73,88 I
Whitney Ontario APIOSC 12203a 45,54 -78,28 0
Wilberforce Ontario APIOSC 12188a 45,01 -78,22
Wilkesport Ontario APIOSC 12179a 2,70 -82,35
Wintsrport Maine UAPSP/OEN 08240a 44,82 -68,97 0
Wooster Ohio NADP/NTN 01058a 40,78 -81,92
Yellowstone Wyoming NADP/NTN 0107Ba 44,9Z -II0,42 0
Yosemite Callfornla NADP/NTN 01157a 37.80 -119,86 0

CoMments:

0 No armual averages [ No annual average For hydrogen
2 No annual average for sulfate 3 No annual average for chloride
4 No annua] average for sodium 5 No annual average for potassium
6 No annual average for calcium 7 No annual average for magnesium
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_i_B]=]T=__u_3.,1988 Frequency DistributionPercentlles for Annual and Seasonal
Ion Species Precipitation-weightedConcentration

4

Number of Percentile .....

slte8 _ _ _ LEtJz._ LEtJL _ EE_b_
pH

Annual 193 4,181 4,217 4,280 4,343 4,557 4,947 5,343 5,468 5,740 #
Winter 229 4,219 4,293 4,335 4,408 4,578 4,842 5,408 5,540 B,448

Spring 251 4,073 4,208 4,276 4,378 4,609 5,162 5,805 5,799 6,762
Summer 243 3,906 4,044 4,097 4,250 4,567 5,070 5,338 5,582 6,587
Fall 247 4,198 4,297 4.328 4,450 4,685 5,043 5,433 5,538 6,711

Sulfate

(mg/l) Annual 191 0,187 0,370 0,622 1,111 1,782 2,685 3,159 3,429 6,191
Winter 207 0,063 0,230 0,307 0,724 1,250 1,780 2,252 2,405 3,133

Spring 235 0,260 0,387 0,564 1,208 2,141 3,026 3,545 4,329 6,091
Summer 241 0,181 0,515 0,662 1,065 1,737 3,422 4.445 5,057 15 038
Fall 248 0,074 0,270 0,458 0,890 1,347 1,950 2,520 2,776 4 036

Nitrate

(mg/l) Annual 169 0,021 0,272 0,427 0,802 1,217 1,758 2,481 2,688 3 760
Winter 223 0,015 0,221 0,346 0.643 1,134 1,736 2,592 2,806 3 664

Spring 249 0,034 0,258 0,432 0.830 1,476 2,166 2,986 3,713 5,215
Summer 242 0,015 0,238 0,538 0,880 1,332 t,906 2.521 2,697 5,264
Fall 245 0,023 0,131 0,235 0.535 0,881 1,418 1,885 2,030 2,974

Ammonium

, (mg/l) Annual 195 0,010 0,033 0,060 0,103 0,212 0.388 0.537 0,667 1,002
Winter 232 0.010 0.018 0,028 0.061 0,119 0,224 0,354 0,402 0,671

Spring 253 0,010 0.032 0,080 0,160 0,302 0,533 0,803 1,105 1,854
Summer 245 0,010 0,011 0,021 0,074 0,195 0,406 0,588 0,730 1.916
Fall 246 _,010 0,013 0,032 0,067 0.164 0,305 0,420 0,534 1,146

Calcium

(mg/l) Annual 190 0,016 0.052 0,074 0,104 0,191 0,290 0,447 0,577 1,177
Winter 219 0,006 0,039 0,049 0.066 0,099 0,161 0.329 0,401 0,964

Spring 246 0,021 0,064 0,089 0,141 0.243 0.430 0,666 0,911 2,585
Summer 242 0,007 0,064 0.081 0,120 0,213 0,344 0,470 0,562 3,024
Fall 244 0.013 0,032 0,037 0,064 0,121 0,219 0,336 0,411 2,961

#"i
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TABLE A.4. 1988 FrequencyDistributionPercentilesfor Annual and Seasonal
Ion Species Deposition

Number of Percentile

Sites Mi_..___n5th lOt_.__h_h25rh 50t__h_h 75th 90t__..h_h95rh Max
Hydrogen
(kg/ha) Annual 193 0.003 0.013 0.023 0.066 0.268 0.395 0.487 0,559 0,679

Winter 229 0.000 0.001 0.004 0.016 0.051 0.078 0.099 0.120 0.176

Spring 251 0.000 O.OOl 0.002 0.010 0.045 0.081 0.110 0.138 0.206
Summer 243 0.000 0.001 0.003 0.012 0.061 0.130 0,189 0,219 0.271
Fall 247 0.000 0.002 0.003 0.016 0.067 0.100 0.138 0.160 0.216

Sulfate

(kg/ha) Annual 191 0.566 1.695 2.761 7.801 16.55 22.47 27.47 30.25 39,11
Winter 207 0.039 O.IF_ 0.313 0.723 2.485 3.81 4.79 5.59 7.23

Spring 235 0.089 0.41_ 0.669 1.999 3.831 5.51 6.90 7,88 10.19
Summer 241 0.032 0.244 0.437 1.640 4.236 7.52 10.37 11.82 19,85
Fall 248 0.020 0.211 0.352 1.430 3.524 5.41 7.37 8.52 11,83

Nitrate

(kg/ha) Annual 189 0.362 1.243 2.114 6.107 10.61 14.69 20.79 22.95 32.29
Winter 223 0.025 0.193 0.294 0.905 1.99 2.95 5.01 6.01 10.89

Spring 249 0.066 0.304 0.431 1.253 2.62 3.82 5.64 6.57 8.22
Sunnier 242 0.001 0.156 0.353 1.546 2.78 4.05 5.52 6.22 8.16
F_ll 245 0.015 0.167 0.277 0.944 2.16 3.53 5.28 6.45 9,92

Ammonium

(kg/ha) Annual 195 0.044 0.175 0.265 0.820 1.838 2,964 4.377 4,856 8.433
Winter 232 0.003 0,017 0.036 0.084 0.202 0.408 0.612 0.826 t.863

Spring 253 0.006 0.039 0.080 0.217 0.562 0,872 i.370 1,910 2.982
Summer 245 0,001 0.010 0.028 0.109 0.425 0.795 1'396 1,673 3,656
Fall 246 0,002 0,024 0.043 0.138 0.371 0.686 1.109 1.415 3,358

Calcium

kg/ha) Annual 190 0.063 0.373 0.606 0.924 1.449 2.027 3.224 3.916 7.852
Winter 219 0.013 0.035 0.062 0.106 0.170 0.291 0.514 0,836 1.725

Spring 248 0,018 0.116 0.155 0.285 0.420 0.633 0.926 1.302 3.945
Summer 242 0,004 0.051 0.107 0,239 0.371 0.630 0.895 1.124 3,194
Fall 244 0.005 0.045 0.085 0.142 0°265 0.436 0.665 0.855 3,991
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TABLE A.5. Summary of 1979-1988Trend Sites Annual Precipitation-weighted
Concentrationby Year

Percentile
Sid

Year N Mean Dev Min 5t_.h_hlOt__.__h25t.._h50th 75t_.__.hh90t____hh95t.__._hhMax 4

pH
1979 23 4.57 0.34 4.14 4.15 4.25 4.28 4.42 4.88 5.03 5.21 5.30
1980 23 4.45 0.33 4.07 4.11 4.14 4.17 4.33 4.76 5.01 5.07 5,15
1981 23 4.52 0.36 4.09 4.18 4.21 4.23 4.35 4.71 5.07 5.16 5.39
1982 23 4.54 0.35 4.18 4.18 4.23 4.27 4.48 4.69 5.03 5.24 5.46
1983 23 4.56 0.30 4.20 4.25 4.25 4.30 4.48 4.76 5.03 5.05 5.31
1984 23 4.55 0.31 4.16 4.19 4.22 4.29 4.47 4.69 5.07 5.10 5.15
1985 23 4.54 0.36 4.16 4.18 4.19 4.28 4.44 4.64 5.14 5.21 5.35
1986 23 4.52 0.39 4.11 4.12 4.15 4.26 4.43 4.56 5.14 5.42 5.43
1987 23 4.52 0.32 4.15 4.15 4.20 4.22 4.44 4.72 5.02 5.06 5.24
1988 23 4.51 0.34 4.18 4.19 4.19 4.27 4.41 4.67 4.99 5.13 5.43

Hydrogen
(ug/l) 1979 23 34.16 20.68 4.98 6.13 9.42 13.04 38.05 52.92 56.17 70.15 72.53

1980 23 44.29 24.38 7.10 8.57 9.79 17 45 46.42 66.88 72.79 76.26 85.60
1981 23 38.74 22.04 4.10 6.91 8.50 19 40 44.71 59.37 61.97 66.65 81.76
1982 23 35.78 19.20 3.49 5.71 9.23 20 63 33.24 53 26 58.27 65.45 65.64
1983 23 32.97 17.48 4.91 8.90 9.43 17 56 33.00 49 60 55.93 56.79 63.57
1984 23 34.56 19.54 7.08 7.92 8.44 20 63 34.03 51 19 60.86 65.23 69.21
1985 23 36.62 20.56 4.51 6.10 7.19 23 O0 36.28 52 40 64.41 65.66 69.43
1986 23 39.14 21.91 3.74 3.84 7.26 27 49 37.11 54 66 71,32 75.67 76.84
1987 23 37.10 20.90 5.82 8.77 9.52 19 22 36.39 59 65 63.32 70.44 70.61
1988 23 38.28 19.61 3.68 7.47 10.15 21 26 39.01 53 10 64.13 64.89 66.47

Sulfate

(mg/l) 1919 30 2 48 0.82 1,07 1.43 1 62 1.94 2.23 3 25 3 68 3.91 4.24
1980 30 2 65 0.85 0 99 1.07 1 36 2.25 2.62 3 31 3 67 3.98 4.15
1981 30 2 55 0.80 1 12 1.32 I 65 1.82 2 65 3 27 3 50 3.55 4.46
1982 30 2 29 0.76 0 95 1.26 1 27 1.73 2 15 3 O0 3 27 3,43 3.56
1983 30 2 08 0.64 1 02 1 05 1 19 1.64 2 05 2 71 2 94 3.03 3.05
1984 30 2 14 0.73 I O0 1 27 I 35 1.57 1 99 2 70 3 26 3.46 3.59
1985 30 2 09 0,75 0 72 0 81 1 10 1.52 2 04 2 65 3 19 3.22 3.29
1986 30 2 28 0.82 0 71 0 79 1 25 1.72 2 16 2 73 3 53 3.65 3.96
1987 30 2 18 0.86 0 80 0 83 1.08 1.56 1 90 2.99 3 43 3.62 3.64
1988 30 2 29 0.79 0 89 0 94 1.11 1.74 2 35 2.95 3 30 3.62 3.63

Nitrogen
(mg/l) 1979 31 1 32 0.43 0 47 0 62 0.72 1.0I 1 40 1.62 1.77 2 O0 2.10

1980 31 i 60 0.45 0 68 0 81 0.89 1.28 1 75 1.93 2.02 2 16 2 22
1981 31 1 44 0.42 0 83 0 84 0.88 0.99 1 50 1.82 1.95 2 I0 2 12
1982 31 1 31 0.42 0 59 0 66 0.80 1.00 1 26 1.75 1.89 1 91 2 15
1983 31 1 26 0.34 0 63 0 65 0.78 1.02 I 18 1.59 1.69 1 73 1 73
1984 31 1 37 0,44 0 76 0 79 0.80 1.03 1 28 1.77 1.99 2 12 2 15
1985 31 1 33 0.43 0.68 0 74 0.80 0,91 1 38 1.62 1.82 2 11 2 21
1986 31 1 40 0,42 0.61 0 80 0.93 1.03 1.35 1.80 2.00 2 06 2 14
1987 31 1 41 0.45 0.64 0 65 0.87 1.02 1.43 1.78 2.01 2 10 2 12
1988 31 1 45 0.42 0.58 0 72 0.98 1.11 1.52 1.74 2.04 2 13 2 22
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TABLE A.5. Summary of 1979-1988Trend Sites Annual Precipitation-weighted
Concentrationby Year (Cont'd)

Percentile

Std
Year N Mean Dev Min 5t_._h_h10t_.__hh25t_._.hh50t...__hh75___th 90t.._..hh95t_._._hMax

Ammonium

(mg/l) 1979 31 0.28 0.16 0,06 0 08 0 11 0,18 0,25 0 36 0 44 0 68 0.73
1980 31 0,33 0.17 0.11 0 12 0 15 0,23 0.29 0 43 0 45 0 78 0 84
1981 31 0.32 0.14 0.17 0 17 0 18 0.21 0,28 0 38 0 46 0 56 0 79
1982 31 0,27 0.11 0.10 0 11 0 16 0 18 0.27 0 34 0 41 0 53 0 53
19_3 31 0.29 0.15 0,i0 0 ii 0 17 0.20 0,27 0 31 0 37 0 67 0 87
1984 31 0.29 0,12 0.13 0 14 0 17 0.18 0.26 0 38 0 48 0 52 0 61
1985 31 0,26 0,11 0.08 0 10 0 14 0,16 0.25 0 33 0 36 0 51 0 54
1986 31 0.28 0.12 0.07 0 09 0 14 0,20 0.28 0 34 0 44 0 50 0 60
1987 31 0.30 0.13 0.I0 0.12 0 13 0,21 0.28 0 37 0 43 0 61 0 64
1988 31 0.27 0.14 0,05 0.08 0 10 0.16 0,27 0 39 0 43 0.52 0 54

Calcium

(rag/l) 1979 31 0.20 0.13 0.05 0.07 0.09 0 09 0,15 0.28 0.35 0.46 0 59
1980 31 0.23 0.14 0.07 0.10 0,10 0 12 0.21 0,30 0,37 0,53 0 65
1981 31 0.21 0.11 0.09 0.10 0.11 0 13 0,19 0.25 0,29 0,48 0 55
1982 31 0 17 0.08 0.06 0.07 0.08 0 10 0.14 0.23 0,30 0,30 0 37
1983 31 0 17 0.10 0.07 0.07 0,07 0 I0 0,14 0.22 0,27 0.42 0 45
1984 31 0 18 0,09 0,06 0,07 0,08 0 11 0,15 0.25 0,30 0,35 0 37
1985 31 0 14 0.07 0.04 0.05 0.07 0 08 0.12 0,18 0.21 0,29 0 38
1986 31 0 14 0.07 0,04 0.05 0.07 0 08 0.13 0.19 0.23 0,26 0 28
1987 31 0 14 O.OB 0.05 0,05 0.06 0 07 0.13 0,18 0,22 .n,,30 0 35

1988 31 0 18 0.10 G.CJ6 0,07 0,08 0 09 0.17 0.22 0,28 0,42 0 50
Magnesium
(mg/l) 1979 31 0 04 0.02 0.02 0,02 0.02 0 03 0.04 0.06 0.07 0.08 0 12

1980 31 0 05 0.03 0.01 0.02 0.02 0 03 0.04 0.05 0.07 0,ii 0 16
1981 31 0 05 0,02 0.02 0.02 0.03 0 04 0.05 0.06 0,08 0.09 0 13
1982 31 0 04 0.03 0.01 0.02 0.02 0 03 0,04 0,05 0.06 0,09 0 15
1983 31 0 04 0.03 0,01 0.01 0.02 0 02 0.04 0.05 0.07 0.09 0 18
1984 31 0 04 0.03 0.01 0.01 0.02 0 03 0.04 0.05 0.06 0.07 0 15
1985 31 0 04 0.02 0.01 0.02 0.02 0 02 0,03 0.04 0.05 0.07 0 15
1986 31 0 03 0.03 0.01 0.02 0.02 0 02 0.03 0.03 0.04 0.09 0 16

1987 31 0 _,_ 0.(_,_0,01 0.01 0.02 0 02 0,03 0.04 0.05 0.09 0.22
1988 31 0 04 O,IiI_;0.02 0.02 0.02 0 02 0.03 0.04 0,07 0,08 0.11

Sodium

(mg/l) 1979 29 0 34 0.30 0.06 0.07 0.08 0 14 0.25 0.44 0.63 1.07 1.40
1980 29 0 26 0.28 0.05 0.06 0.07 0 10 0.18 0.32 0.54 0._2 1.42
1981 29 0 17 0.17 0.03 0.04 0.05 0 08 0.11 0 17 0,55 0.63 0.76
1982 29 0 18 0.29 0.04 0.04 0.05 0 07 0.08 0 14 0.29 0.82 I.47
1983 29 0 20 0.32 0.03 0.04 0.05 0 06 0.08 0 17 0.46 0.76 1.67
1984 29 0 17 0.24 0.04 0.05 0.05 0 05 0.08 0 15 0.38 0.57 1,25
1985 29 0 14 0.18 0.03 0.04 0.04 0 06 0,06 0 11 0.38 0.56 0.86
1986 29 0 13 0.20 0.03 0.03 0.04 0 05 0.06 0 13 0.28 0.61 1.01
1987 29 0 16 0.31 0.03 0.03 0.03 0 05 0,07 0 12 0,31 0.59 1.65
1988 29 0 14 0.15 0.03 0.04 0.05 0 06 0.08 0 16 0.26 0.54 0.69

Jt
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A.5. Summary of 1979-1988Trend Sites Annual Precipitation-weighted
Concentrationby Year (Cont'd)

Percentile
Std 4

Year N Mean Dev Min 5t._.h_.h10th 25t___hh50t._...hh75t____hh90t.__.hh95t_.__hhMax

1979 29 0.35 0 34 0.11 0.12 0 12 0.16 0.23 0.37 0,74 1.07 1,68 #
1980 29 0.41 0 51 0 15 0,IB 0 17 0.20 0.23 0.40 O.BB 1,45 2,70
1981 29 0,31 0 30 0 08 0,10 0 12 0.15 0.19 0,31 0,74 1,15 1,39
1982 29 0,35 0 56 0 OB O,OB 0 09 0.14 0.20 0.29 0.48 1.40 2,98
1983 29 0,36 0 52 0 11 0,11 0 11 0.13 0.17 0,31 0,79 1,32 2,85
1984 29 0.34 0 46 0 10 0,11 0 11 0.15 0.19 0.31 0.67 1,14 2.44
1985 29 0,30 0 _7 0 07 0,09 0 10 0.13 0.18 0.2B 0.70 0.94 1,94
1986 29 0,30 0,40 0 07 0,08 0.09 0.12 0.17 0.30 0,51 1,17 2,08
1987 29 0,33 0.49 0 07 0,10 0,10 0.14 0.19 0,28 0,59 1.18 2,52
1988 29 0,30 0,30 0 06 0,09 0,I0 0.15 0,21 0,33 0.49 1,09 1.50

1979 31 0,05 0,03 0.01 0,02 0,02 0.03 0,04 0,07 0.09 0,14 0 16
1980 31 0,06 0,04 0,02 0.02 0.02 0,03 0.04 0 08 0,12 0,15 0 18
!981 31 0,04 0.03 0,01 0.02 0.02 0.02 0.03 0 06 0,08 0.11 0 13
1982 31 0,04 0,02 0,02 0,02 0.02 0.02 0.03 0 04 0.05 0 07 0 12
1983 31 0.04 0.02 0,02 0,02 0,02 0,03 0.03 0 05 0,08 0 07 0 08
1984 31 0.04 0.02 0,01 0,02 0.02 0.02 0.03 0 05 O.OB 0 09 0 11
1985 31 0,03 0,01 0,01 0.02 0.02 0.02 0.03 0 04 0,05 0 OB 0 07
1986 31 0,03 0,02 0,01 0,01 0.02 0.02 0.03 0 05 0.05 0 07 0 09
1987 31 0.05 0.05 0.01 0,01 0.02 0,02 0.03 0 09 0,13 0 17 0 19
1988 31 0,07 0,11 0.01 0,01 0.01 0.02 0.02 0 09 0,IB 0 25 0 58
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TABLE A.6. Summary of 1979-1988Trend Sites Annual Deposition by Year

Percentile
Std

Year N Mean Dev Min Sth 10th 2Sth 50th 7Sth 90th 9Sth Max

Precipitation

(cm) 1979 31 107 I 36,26 28.16 53 84 72,08 79 29 117,3 130,5 131.6 141 7 226,5
1980 31 89 B 25,82 30,65 47 20 55.02 76 62 91,5 100,4 112.6 128 0 171.4
1981 31 95 1 23,98 41,75 54 34 71,86 78 85 92,9 110.0 129.4 138 4 151,5

1982 31 103 4 28.85 37.17 BB 95 81.43 85 12 98,i 116.4 150.4 152 7 182,6
1983 31 109 9 32.86 42,70 59 30 65.94 87 77 108,5 127.9 146,5 158 7 197,5
1984 31 106 7 28.36 46.34 81 77 75,35 86 22 107.1 125,5 140,3 146 7 179,8
1985 31 100 7 21.71 43.78 59 73 81,94 87 59 99.8 109.7 130.3 135 6 149,8
1986 31 94 B 19.86 39.16 63 83 76,69 81 93 93.4 107,3 120.3 126 4 134,6
1987 31 92.9 26,55 32.31 48 75 57,86 77 26 92,7 110.5 133,5 140 3 145,8
1988 31 86.2 25.08 21.81 40 14 61,65 70 60 89.4 100.2 109.0 127 6 150,3

Hydrogen
(kg/ha) 1979 23 0.38 0.25 0.02 0 04 0,06 0 14 0,35 0.51 0,72 0 82 0,95

1980 23 0.43 0,27 0.04 0 04 0,05 0 18 0,45 0.57 0.86 0 86 0.88
1981 23 0.40 0.26 0.02 0 05 0,05 0 17 0.45 0.57 0,74 0 80 0,86
1982 23 0.39 0.21 0.03 0 03 0,05 0 31 0.42 0.49 0.63 0 74 0.77
1983 23 0 36 0.20 0.03 0 04 O,OB 0 18 0.40 0.48 0.59 0 63 0.81
1984 23 0 38 0.22 0.03 0 06 0,07 0 24 0.40 0.49 0.61 0 68 0,93
1985 23 0 39 0,25 0,04 0 04 0,04 0 24 0,43 0.54 0,71 0 84 0.96
1986 23 0 39 0.26 0.03 0 03 0,04 0 26 0.35 0.52 0.65 0 92 1.02
1987 23 0 35 0.21 0.03 0 04 0.05 0 23 0.37 0.46 0,54 0 60 0.94
1988 23 0 34 0,18 0.01 0 02 O.OB 0427 0.39 0.46 0.54 0 61 0.64

Sulfate

(kg/ha) 1979 30 25.41 11.20 6.42 9.24 13.57 17 66 24,79 33,86 42,27 49 68 51 03
1980 30 24.38 10.65 3.27 5,45 9.89 20,40 23.43 29,79 40.25 43 67 45 81
1981 30 24,72 10.37 6.68 7,00 10,62 15.53 25.53 30,52 38.46 43 74 45 81
1982 30 23,37 8.37 3,53 10.43 10.73 19,82 23.75 28,94 33.87 37 56 40 05
1983 30 22.88 8,22 4.37 6,21 10,48 19.89 23.00 30.17 31.11 34 21 38 78
1984 30 22.95 8,98 4,64 7.84 10,95 18.42 22.31 27,20 34,61 41 17 43 59
1985 30 21.57 9,70 3.17 6.84 9.20 15.80 21,86 28.85 34.15 37 82 47 63
1986 30 22.13 10.06 2.80 5.03 10,66 17,14 22.05 25.51 32.08 42 45 53 31
1987 30 20,14 8,30 2.59 3.91 8.74 14,84 20.85 24.80 28.07 30 37 44 02
1988 30 19.72 7,30 2.06 6.40 7,58 17.24 20,44 24,65 28.63 31 02 31 55

Nitrate

(kg/ha) 1979 31 13,60 5 19 2.51 6.15 8 56 10,23 12.79 16,75 20.94 23 02 26 12
1980 31 14.29 5 30 2.72 4.46 8 31 11,19 14 40 17.82 20.20 24 31 26 07
1981 31 13.81 5 68 4.10 5,26 7 51 8.76 13 66 16,96 19.89 24 42 27 60
1982 31 13,14 4 19 2.99 7.36 8 65 9.99 13 70 15.98 18.34 19 64 22 46
1983 31 13.27 3 62 3.88 5,80 8 20 10,95 13 86 15,81 17.12 18 34 19 02
1984 31 14.32 4 97 4.24 6.58 8 77 11,14 13 72 17,08 19,24 25 57 25 80

1985 31 13.39 4 93 2,98 7,12 7 96 9.06 i4 62 16,25 19.02 23 67 24 34
1986 31 13,43 5 16 2.40 5.13 B 67 I0.2C 12 83 16.44 19.37 24.28 27 68
1987 31 12,68 4 31 2.81 5,07 7 99 10,71 12 87 15.13 17,75 19.09 23 81
1988 31 12.08 3 93 2.14 6.17 8 14 9,05 12 29 14.48 17.19 18,13 21 22

J
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TABLE A.6. Summary of 1979-1988 Trend Sites Annual Deposition by Year
(Cont'd)

' _. /' _e_scentil e
Std ........ _i .'i?!, ""'_....

Year N Mean Dev Min ._i:h,,,' J_h_vi_25_.'_.. 50th 75th 90th 95th Max
Ammonium , _

(kg/ha) 1979 31 2,71 1.11 0.41 0.80 I._ 2_i0_ 2.88 3,29 3.96 4 42 5 30
1980 31 2.74 1.04 0 46 1.20 1.51 2,04 2.79 3.88 4.14 4 35 4 87 ?
1981 31 2.91 1.03 0 73 1.34 1,63 2.22 2,71 3,79 4.23 4 29 4 97
1982 31 2,70 0,95 0 60 1,45 1.54 2,09 2.62 3.15 4.08 4 48 5 08
1983 31 2 87 0,90 0 68 1,80 1.75 2.39 2 99 3,28 3.81 4 41 5 51
1984 31 2 89 1.00 0 79 1.58 1.75 2,08 2 82 3.64 4.47 4 56 4 58
1985 31 2 52 0.86 0 44 1,01 1.64 1,82 2 47 3,30 3.40 3.69 4 23
1986 31 2 66 1,14 0 34 0,80 1,65 1,88 2 64 3.38 3,88 5,21 5 36
1987 31 2 61 0,86 0 38 1,37 1.68 2.02 2 65 3.22 3.89 3,79 4,63
1988 31 2 12 0,81 0 17 0.78 1.04 1.79 2 09 2,71 2.90 3,35 3,77

Calcium

(kg/ha) 1979 31 1,80 0.79 0.63 0,73 0.91 1,17 1,60 2,41 2.90 3,26 3.56
1980 31 1.91 0 95 0.82 0 86 1,01 1,12 1.82 2.75 3.10 3,69 4,39
1981 31 1,84 0 89 0,84 0 98 1.07 1,39 1.69 2,41 2,79 2,98 3,73
1982 31 1.66 0 79 0.54 0 61 0,90 1.09 1.55 2.10 2.63 3,31 4,01
1983 31 1.66 0 59 0,86 0 81 1,05 1.22 1.81 1.89 2.63 2.74 2.87
1984 31 1.74 0 64 0.60 0 73 0.99 1.28 1.75 2.12 2.56 2,87 3,29
1985 31 i_31 0 59 0.39 0 84 0.70 0.82 1.33 1.87 2,27 2.45 2,65
1986 31 1.27 0 66 0.36 0 51 0.65 0.78 1.05 1.52 2,09 2,76 3,04
1987 31 1,15 0,48 0.54 0 60 0.71 0.78 1.00 1,56 1.78 2,13 2.25
1988 31 1,34 0,43 0,73 0 78 0.82 0.90 1,46 1.63 1,84 1,95 2,36

Magnesium
(kg/ha) 1979 31 0.45 0.29 0,16 0 19 0.19 0 27 0.40 0 51 0.69 0,79 1 76

1980 31 0,40 0.25 0.11 0 12 0 18 0 29 0,38 0 49 0,54 0 89 1 47
1981 31 0.46 0,17 0,18 0 19 0 23 0 37 0.43 0 57 0.70 0 74 0 75
1982 31 0.43 0,29 0.08 0 15 0 16 0 24 0,36 0 57 0.65 0 98 1 50
1983 31 0.47 0,46 0,13 0 13 0 19 0 28 0.33 0 46 0 76 1 29 2 57
1,984 31 0.44 0,27 0.13 0 13 0 19 0 30 0.37 0 51 0 67 0 98 1 53
1985 31 0,36 0.27 0.12 0,16 0 20 0 23 0,31 0 39 0 52 0 75 1 61
1986 31 0.31 0,24 0,14 0.14 0 16 0 18 0.27 0.32 0 39 0 go 1 38
1987 31 0.33 0,37 0.11 0,14 0 15 0 18 0.24 0,30 0 47 0 93 2 12
1988 31 0.30 0,19 0.08 0,15 0 18 0 20 0.25 0.30 0 51 0 94 0 95

Sodium

(kg/ha) 1979 29 3 57 3,05 0.47 0.68 0.73 1 26 2 83 5,03 7.10 7 40 15 19
1980 29 2 40 2.58 0 38 0,41 0.54 0 83 1 46 3,46 4.71 6 68 12 99
1981 29 1 60 1,62 0 30 0,37 0.49 0 74 1 03 1.58 4,93 6 22 6 75
1982 29 1 96 2.94 0 29 0,34 0.37 0 65 0 81 2,20 3.46 8 89 14 46
1983 29 2 54 4.76 0 35 0,36 0 44 0 56 0 81 2,08 4.85 ii 50 24 22
1984 29 1 90 2,68 0 42 0.44 0.45 0 59 0 73 2.02 4.39 8 02 12 80
1985 29 1 43 1.97 0 27 0.28 0.35 0 54 0 64 1,46 4.91 4 97 9.45
1986 29 1 26 1.85 0 27 0,31 0.35 0.46 0 59 1.22 2.29 6.20 8.89

1987 29 1 63 3.01 0 24 0.26 0.28 0,35 0 56 1.32 3.31 6.13 151_2_41988 29 1 34 1.56 0 29 0.33 0,36 0,40 0 64 1.68 3,94 6,08 6
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TABLE A.6. Summary of 1979-1988 Trend Sites Annual Deposition by Year
(Cont'd)

Percentile
Std

>, Year .._ Mean Dev Min 5th lOth 25tb 50th 75th 90th 95th Max
Chloride
(kg/ha) 1979 29 4,10 4,63 0 69 0,79 1 02 1 37 2.90 4.87 8,72 10,80 23.78

1980 29 3.71 4:64 0 51 0,94 1 09 1 52 2.24 3,97 6.04 11.79 24.74

1981 29 2,91 2,80 0 58 0,64 I 02 1 39 2.11 2.94 6,63 11,39 12.41
1982 29 3,80 5 67 0 36 0.52 0 68 1 48 1.91 3,98 6.79 15,13 29.20
1983 29 4,59 7 63 0 47 O,BO 0 85 1 29 1,85 4,19 9,10 20.12 38,45
1984 29 3,84 5 09 0 58 0.78 0 99 1 58 1.99 3.66 7,68 15.93 24,95
1985 29 3.12 4 06 0 44 0,61 0 62 1 28 1.87 2.94 6,23 9.14 21,29
1986 29 2.86 3 61 0 37 0.70 0 76 1 15 2.14 2.84 4,14 11,78 18.27
1987 29 3,31 4 78 0 38 0,53 0 57 1 04 1.91 3.02 6,00 12.10 24.88
1988 29 2,79 3 09 0 30 0,40 0 50 1 04 1.94 2,96 6.82 12,18 13,39

Potassium

(kg/ha) 1979 31 0.53 0,27 0 ii 0.13 0 22 0 28 0,51 0,75 0.85 1.03 l.IB
1980 31 0,51 0,38 0 06 0.15 0 23 0 28 0,40 0,55 1.08 1,54 1.75
1981 31 0,39 0,24 0 14 0,14 0 18 0 24 0,33 0,45 0,70 0,98 1,16
1982 31 0,37 0,21 0 08 0.16 0 18 0 21 0.36 0,41 0 72 0.77 0,97
1983 31 0,41 0.20 0 13 0.20 0 22 0 26 0,36 0,52 0 72 0,80 0.99
1984 31 0,39 0.21 0 15 0,18 0 19 0 25 0,33 0.49 0 56 0,74 1.22
1985 31 0,32 0.14 0 10 0.15 0 16 0 20 0,28 0.44 0 48 0.52 0.74
1986 31 0.33 0.19 0 08 0.12 0 13 0 20 0.27 0.42 0 60 0,68 0,77
1987 31 0,49 0.49 0 10 0.11 0 14 0 16 0.23 0.73 1 22 1.62 1,73
1988 31 0,58 0.88 0 07 0,09 0 10 0 13 0.19 0.73 1.43 2.03 4.27
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T6BLE A,7. Summary of 1982-1988 Trend Sites Annual Precipitation-weighted
Concentrationby Year

Percentile
Std

Year N _ De_..y_v_ 5t__b_h_ _ _ 75t___b_h90t.___.bh951._.._bhM_.._a_

pH
1982 92 4,48 0,37 4,03 4,12 4,16 4,21 4,33 4,67 5,03 5,33 5,66
1983 92 4 57 0.32 4,20 4,23 4,25 4,33 4,46 4 71 5.02 5.31 5,57
1984 92 4 52 0.34 4,07 4,17 4,20 4.27 4,38 4 67 5,02 5,18 5,51
1985 92 4 52 0.34 4,16 4,18 4,20 4,30 4,38 4 BB 5,14 5.29 5,37
1986 92 4 53 0.35 4,11 4,18 4,22 4,28 4,41 4 66 5,05 5,38 5,43
1987 92 4 51 0.34 4,08 4,19 4,20 4,28 4,36 4 71 5.06 5,24 5,44
1988 92 4 55 0.35 4,18 4,22 4,25 4,30 4,42 4 70 5,11 5,39 5,55

Hydrogen
(ug/l) 1982 92 42 22 22,98 2,19 4,72 9 23 21,39 46,24 61,05 69,12 76,19 92,35

1983 92 33 03 16.73 2,67 4,91 9 61 19,50 34.76 47.10 55,82 59,32 63,57
1984 92 37 92 20.22 3,09 6,57 9 46 21,33 41,43 54,21 63,36 67,65 84,48
1985 92 37 34 19,15 4,22 5,16 7 19 22,01 41,95 49.82 63,06 65.66 69.43
1986 92 37 21 19,64 3,72 4,18 8 82 22,08 38,79 52,31 60,16 68,39 76,84
1987 92 38 56 20.30 3.62 5,82 8 77 19,47 43,93 54,81 63,29 64,81 83,97
1988 92 35 27 17,82 2,83 4,03 7.68 19,78 38.39 50.03 56,87 60,65 66,47

Sulfate

(mg/l) 1982 100 2.44 0 97 0,29 0,99 1,24 1,75 2.52 3.09 3 63 4,17 5,00
1983 100 2,16 0 90 0.32 0,94 1.04 1,51 2.08 2.78 3 12 3,94 4,64
1984 I00 2,34 0 95 0.31 1.08 1,27 1,53 2.35 2.97 3 60 4,05 4,72
1985 100 2,23 0 89 0.24 0,75 0,98 1,52 2,43 2,86 3 25 3.63 4 20
1986 100 2.25 0 91 0.18 0,79 0.98 1,53 2,39 2.98 3 50 3,64 3,96
1987 100 2.35 i 06 0,21 0.79 1,03 1,55 2.51 3.19 3 63 4,08 5,55
1988 I00 2,38 1 OB 0,19 0,90 1,02 1.60 2,41 3.05 3 51 3,84 6.19

Nitrogen
(mg/l) 1982 103 1.48 0.61 0,14 0 84 0.78 0 97 1 35 1,90 2.38 2,61 2,75

1983 103 1.37 0.57 0 13 0 58 0,65 0 97 1 33 1 74 2,14 2,32 2 78
1984 103 1.55 0.66 0 10 0 79 0,81 1 01 i 42 2 03 2,46 2,73 3 30
1985 103 1,53 0,65 0 07 0 68 0.75 0 97 1 47 2 15 2.39 2,53 2 99
1986 103 1,49 0.60 0 07 0 66 0,78 i O0 1 42 2 02 2,25 2,46 2 55
1987 103 1.68 0.77 0 13 0 71 0.77 1 05 1 55 2 37 2.71 2,95 3 _
1988 103 1,69 0,77 0 07 0 72 0.84 1 05 1 57 2 27 2.71 3,01 3 76

Ammonium

(mg/l) 1982 103 0,33 0,17 0 02 0 11 0.13 0.20 0 32 0.41 0 54 0 65 0 85
1983 103 0,32 0,17 0 02 0 10 0.12 0.21 0 29 0,39 0 54 0 64 0 87
1984 103 0.34 0,16 0 03 0 13 0,16 0.20 0 32 0.44 0 60 0 64 0 79
1985 103 0.31 0.15 0 01 0 10 0.14 0,19 0 29 0.40 0 51 0 58 0 79
1986 103 0.31 0.16 00l 0 09 0.11 0,20 0 29 0,41 0 53 0 60 0 73
1987 103 0.36 0.20 0 02 0 10 0.13 0.22 0 33 0,47 0 65 0 71 0 89
1988 103 0,35 0.23 0 01 0 07 0,10 0,19 0 33 0,49 0 68 0 73 1 16
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TABL___.B_B!_EE_A._Z.Summary of 1982-1988Trend Sites Annual Precipitation-weighted
Concentrationby Year (Cont'd)

perceDtile
_ Std

_NN _ Oe._.yvM..!in. 5t__b_h _ 2Sth _ 5Z._ _ _ Ma..._.xx

Calcium

(mg/l) 1982 98 (_,22 0,14 0,03 0.07 0,08 0,12 0,19 0,27 0,37 0 58 0 71
1983 98 0,23 0,15 0,04 O.Ol 0,08 0,12 0,19 0.28 0,43 0 55 0 81
1984 98 0,24 0,15 0,04 0.07 0,09 0,15 0,21 0,30 0,40 0 56 0 89
1985 98 0,20 0.12 0,04 0,08 0,07 0,11 0,18 0,27 0,37 0 42 0 55
1986 90 0,19 0,ii 0.03 0.05 O,Ol 0,10 0,16 0,23 0,34 0 39 0 62
1987 98 0,22 0.17 0,03 0,05 0,06 0,11 0,18 0,2.7 0,46 0 54 1 16
1988 98 0,27 0,23 0,03 0,06 0.08 0,14 0,21 0,33 0,57 0 87 1 18

Magnesium
(mg/l) 1982 95 0.05 0,03 0,01 0,02 0,02 0.03 0.04 0,05 0,09 0 14 0 20

1983 95 0,05 0,03 0.01 0,01 0,02 0,03 0,04 0.05 0,09 0 13 0 18
1984 95 0,05 0,03 0,01 0,02 0,03 0,03 0,04 0,06 0,09 0 13 0 15
1985 95 0,04 0,02 0,01 0,02 0.02 0,03 0,04 0.05 0,07 0 09 0 15
1986 95 0,04 0.03 0,01 0.02 0,02 0,02 0,03 0,04 0,06 0 09 0 22
1987 95 0.04 0.03 0.01 0.01 0,02 0.02 0,03 0,05 0,09 0 10 0 22
1988 95 0,05 O.OB 0.01 0.02 0.02 0,03 0,03 0,06 0,09 0 16 0 40

Sodium

(rag/l) 1982 95 0,13 0.19 0,03 0.04 0,04 0,05 0,08 0,13 0,21 0.27 1 47
1983 95 0.13 0,22 0,02 0,04 0,05 0,06 0.07 0 10 0,27 0,46 1 87
1984 95 0,13 0.18 0.04 0.05 0,05 0.06 0.08 0 13 0,27 0,33 1 25
1985 95 0,10 0.14 0.02 0,04 0,04 0,05 0,06 0 09 0,19 0,29 0 88
1986 95 0,10 0.14 0.01 0.03 0,04 0,05 0,06 0 10 0,17 0,28 1 01
1987 95 0,12 0,19 0.02 0,03 0,04 0.05 0.07 0 09 0.17 0,31 I 65
1988 95 0.12 0.13 0.03 0,04 0,05 O.OB 0.08 0 14 0.21 0,26 0 98

Cloride

(rag/l) 19B2 99 0,28 0.37 0.06 O,OB 0.08 0,11 0,18 0.24 0,40 0,51 2 98
1983 99 0.26 0.38 0,05 0,08 0,10 0,12 0.15 0.19 0,50 1,03 2 65
1984 99 0.26 0.34 0.05 0.09 0,11 0,14 0,18 0.24 0,38 0,67 2 44
1985 99 0.23 0.28 0.05 0.07 0,09 0,12 0.16 0,21 0,37 0,70 1 94
1986 99 0.22 0.27 0,05 0,06 0,08 0,11 0,15 0.24 0,35 0,70 2 08
1987 99 0.25 0.31 0,06 O.OB 0.10 0,13 0.16 0,25 0,42 0,76 2 62
1988 99 0.25 0.26 0.05 O,OB 0,10 0,!3 0,18 0,27 0,42 0,79 1 77

Potassium

(mg/l) 1982 95 0.04 0.02 0,01 0.02 0,02 0,02 0.03 0,05 0.06 0,07 0 12
1983 95 0.04 0.02 0.01 0.02 0,02 0,03 0.03 0.05 0,06 0,07 0 11
1984 95 0,04 0.02 0.01 0,02 0,02 0.03 0.03 0.05 0,06 0,07 0 11
1985 95 0,03 0.01 0,01 0.02 0.02 0.02 0,03 0.04 0.05 0,06 0 09
1986 95 0,03 0,02 0.01 0.01 0.01 0.02 0.03 0.04 0,05 0,07 0 11
1987 95 0.04 0.04 0,01 0.01 0,02 0,02 0.03 0.04 0,10 0,13 0 27
1988 95 0.05 0.07 0.01 0.01 0.01 0,02 0.03 0,05 0,10 0,16 0 58
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_. Summary of 1982-1988Trend Sites Annual Deposition by Year

.... Percentlle
Std

Year _E_ _ Oev _ _ _ __Sth 50th 7_ _ _

Precipitation
(cm) 1982 103 96,7 32,08 12,43 41 36 64,94 81,75 93,5 109,1 135,7 150,4 234,8

1983 103 102,4 35,43 i8,43 43 58 63,46 84,93 97,3 118 2 144,8 157,7 258,6
1984 103 99,0 33,79 17,99 40 83 69,31 80,85 95.7 117 3 132,5 141,9 274,3
1985 103 96.2 26,17 24.91 37 27 64,65 84,16 100,2 109 9 129,4 133,4 149,8 '_
1986 103 94,3 29,49 19,99 44 92 63,83 78,95 94,7 107 B 124,6 134,6 230,8
1987 103 84,7 26,86 16,78 32 31 51,44 71.29 85,8 100 3 117,3 133,8 148,5
1988 103 84,7 29,77 13,73 34,70 51.95 70,37 85.B 95 0 113,3 128,0 225,7

Hydrogen
(kg/ha) 1982 92 0,40 0,22 0,00 0,03 0,07 0,23 0,43 0,59 0,57 0,73 0 89

1983 92 0.34 0,18 0.00 0.03 0,08 0,19 0,36 0,47 0 54 0,83 0 83
1984 92 0,38 0,21 0,01 0,03 0.07 0,20 0,40 0,51 0 61 0,70 0 93
1985 92 0,38 0,22 0,01 0,04 0,05 0.20 0,42 0,52 0 60 0,71 0 96
1986 92 0.37 0,23 0,01 0,03 0,07 0,18 0,36 0,52 0 61 0,78 I 02
1987 92 0.34 0,20 0,01 0.03 0,05 0,19 0,36 0,45 0 52 0,60 0 94
1988 92 0,31 0.17 0,00 0,01 0,06 0,17 0,33 0,43 0 50 0,59 0 68

Sulfate

(kg/ha) 1982 100 23,18 9,94 ] 75 4.16 8,57 16,88 24,07 30,07 35,97 38,31 43,81
1983 I00 21.61 9,35 2._I 4.31 7,13 14,56 22.55 27,79 32,25 36,97 40,47
1984 100 22.74 10.03 2,0_ 5.40 7,85 16,39 22,91 30,28 34,92 38,84 44,26
1985 100 22,11 10,78 1.87 3.22 5.82 14.25 23,41 29,38 35,45 40,55 47,63
1986 i00 21,44 10,81 1.89 4,21 5.63 14.41 22,05 28,42 35,20 40,42 53,31
1987 i00 19,88 9,86 1,26 2.87 5,04 12,65 21.01 26,55 31,50 35,72 44,02
1988 100 19.68 8,71 1.00 3.30 6,45 14,62 20,99 25,32 30,28 32,91 39,11

Nitrate

(kg/ha) 1982 103 13,81 5,96 0.97 3,15 5,79 9,43 14,24 18,17 21,28 23 24 25,53
1983 103 13,40 5,74 1,74 3,34 5,09 9,20 13.86 17,46 20 33 21 74 28,36
1984 103 14.88 6.70 1.43 3,50 5.64 9,78 14,91 20,44 23 80 25 57 29,61
1985 103 14.99 7.50 0,70 2,55 4.55 9,07 14.73 21.22 24 5_ 28 11 30,92
1986 103 14,14 7,07 1.23 2,40 5,00 9.20 13.43 19,80 23 33 24 97 32,42
1987 103 13,92 6,78 1,18 2,39 5.05 8,75 13,77 18,95 22 81 24 66 29,25
1988 103 13.81 6,65 0,85 2,14 6,11 9,20 13,14 19,10 22 32 24 39 32,29

Ammonium

(kg/ha) 1982 103 3.06 1,51 0.40 0,60 1,05 2,15 2,87 4.08 5,08 5,70 7.44
1983 103 2,99 1.42 0.38 0,64 1.31 2.00 2,99 3,68 5,02 5,70 7,17
1984 103 3.17 1,45 0,38 0.68 1,34 2,11 3.06 4,24 5.20 5.78 5,28
1985 103 2,99 1,65 0,12 0.44 1,16 1,68 2.93 4.02 4,90 6,18 8 67
1985 103 2.90 1,64 0.18 0.44 0,83 1,71 2,59 3,85 5,30 5,92 7,50
1987 103 2.93 1,57 0,26 0,38 0,70 1,86 2.76 3,69 5,03 6,36 6,77
1988 103 2,84 1,75 0.13 0,25 0.73 1,67 2.58 3,83 4.84 6,09 8,53

Calcium

(kg/ha) 1982 98 1 94 1 13 0,39 0,61 0 77 1 16 1,67 2,33 3.51 4,58 6,29
1983 98 2 07 I 22 0.55 0,79 0 91 1 24 1,74 2,51 3,80 4.90 6 78
1984 98 2 12 I 11 0,60 0,94 I O0 1 35 1,89 2.63 3,43 4,09 7 88
1985 98 1 87 1 13 0,39 0.57 0 66 0 93 1.63 2.43 3.74 4,30 4 75
1986 98 i 66 I 06 0.36 0,51 0 65 0 85 1,43 2,04 3,28 3 83 5 96
1987 98 1 72 1 34 0.32 0,51 0 60 0 80 1.29 2.13 3.32 4,32 8 73
1988 98 2 02 1.51 0.29 0.60 0 71 I 06 1.57 2.41 3,92 5,27 8 06
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TABLE A,8, Summary of 1982-1988 Trend Sites Annual Deposition by Year
(Cont'd)

Perq,enti,]e , ,
) Std
' Yea.._..crN _ DBv Min _ lOt___L25rh _ _ _ _

Magnesium

(kg/ha) 1982 95 0,47 0 36 0,07 0,13 0,16 0,26 0 37 0,57 0,92 1 31 2 17
1983 95 0,49 0 44 0,I0 0.13 0,17 0,25 0 35 0,58 0,96 1 09 30l
1984 95 0,49 0 35 0,13 0,16 0,20 0,30 0 41 0,57 0,83 1 15 2 64
1985 95 0,42 0 26 0,07 0,12 0,18 0,25 0 36 0,48 0,72 0 98 I Bl
1986 95 0.35 0 28 0,05 0,i0 0,15 0,19 0 27 0,42 0,84 0 85 I 89
1987 95 0,37 0 32 0,04 0,i0 0,13 0,18 0 27 0,43 0,88 I Ol 2 12
1988 95 0,42 0 42 0,03 0,07 0,15 0,21 0 28 0,51 0,82 1 19 2 70

Sodium

(kg/ha) 1982 95 1,36 2 40 0,22 0,29 0,33 0,48 0 72 1 18 2,41 3,49 16 85
1983 95 1,66 3 68 0 27 0,34 0 36 0,45 0 66 0 99 3,89 5,07 24 22
1984 95 1,49 2 64 0 38 0,42 0 44 0,53 0 73 1 13 2,69 4,39 21 00
1985 95 1,05 1 48 0 17 0,22 0 28 0,45 0 61 0 95 2,02 3,27 9 45
1986 95 1.02 1 69 0 16 0,21 0 29 0,37 0 54 0 87 1,79 3,85 12 42
1987 95 1,08 2 07 0 18 0.24 0 28 0,37 0 53 0 80 2,09 3,31 15 72
1988 95 1,13 1 83 0 17 0,27 0 33 0,42 0 64 1 09 1,87 3,94 15,28

Chloride

(kg/ha) 1982 99 2,78 4 68 0 17 0,43 0 55 0,98 i 62 2 62 5,19 6.97 30,25
1983 99 3,19 6 33 0 34 0,47 0 57 0,98 1 48 2 11 7,99 13,79 43,73
1984 99 3,00 5 02 0 37 0,53 0 70 1,17 1 72 2 45 5,99 10,06 39,29
1985 99 2,36 3 13 0 25 0,43 0 51 1,07 I 55 2 40 3.88 8,23 21,29
1986 99 2,28 3 32 0 21 0.38 0 51 0,86 1 35 2 28 3,47 7,77 23,34
1987 99 2,36 3 49 0 20 0,38 0 46 0,96 1 47 2 16 4,40 7,77 24,88
1988 99 2,40 3 48 0 16 0,30 0 46 0,96 1 63 2 33 3,63 8.93 27,72

Potassium

(kg/ha) 1982 95 0,37 0,20 q,O6 0,12 0 16 0.23 0,35 0 44 0,64 0 80 1,00
1983 95 0,39 0.21 i i C6 0,13 0 19 0,26 0,36 0 45 0,63 0 85 1,24
1984 95 0,38 0.19 0.12 0,16 0 18 0,24 0,33 0 49 0,63 0 72 1,22
1985 95 0,31 0,17 0,06 0,08 0 12 0,20 0.28 0 39 0,51 0 70 1.00
1986 95 0,31 0,20 0,06 0,08 0 12 0,16 0,26 0 40 0,54 0 68 1,39
1987 95 0,37 0.39 0,05 0.07 0 12 0,16 0,22 0 38 0,86 1 22 2,26
1988 95 0,39 0,55 0,02 0,06 0 08 0,13 0,23 0 39 0,83 1 43 4,27
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TBLT_L_.L_F___.FrequencyDistributionPercentilesof Estimated Concentrations
(mg/l) at the Center of 2670 Squared Kilometer Hexagons in
Eastern North America (n:1833) and Western United States (n:1875)

percentile
M_LE._L_ ..____LQ_.IE.5..__o_ _ _ _EE.

pH Eastern Annual 4,19 4,20 4,25 4,30 4,40 4,55 4,74 5,01 5,25 5,3g 5,42
Winter 4,30 4,34 4,37 4,40 4,40 4,59 4,73 4,82 4,89 4,99 5,10 I
Summer 3.92 4,03 4,07 4,11 4,28 4,47 4,87 5,20 5,47 5,96 8,32

Western Annual 4,59 4,74 4,83 4,89 5.06 5,24 5,37 5,44 5,46 5,57 5,Bg
Winter 4,57 4,BB 4,83 4,92 5,09 5,26 5,43 5,50 5,BB 5,g0 8,37
Sumner 4.30 4,59 4,74 4,81 5,00 6,18 5,41 5,64 5,77 6,00 B,52

Sulfate Eastern Annual 0,89 1,03 1,10 1.17 1,35 1,78 2,36 2,87 3,11 3,83 4,90
Winter 0,68 0.73 0,79 0,84 0,99 1,26 1,60 1,91 2,08 2,30 2,51
Summer 0,88 0,94 1,03 1,29 1,65 2,19 3,28 4,17 4,52 4,96 12,41

Western Annual 0.23 0,26 0,30 0,35 0,47 0,86 1,15 1,40 1,46 1,77 2,00
Winter 0,16 0,20 0,23 0,25 0,33 0,56 0,91 1,25 1,47 1,74 1,93
Suffer 0.39 0,44 0,49 0,54 0,96 1,11 1,26 1,37 1,45 1,67 1,7g

Nitrate Eastern Annual 0.42 0,54 0,61 0,60 0,91 1,22 1,02 2,05 2,38 2,79 3,53
Winter 0.28 0,41 0,48 0,54 0,78 1.30 1,74 2,24 2,Be 3,05 3,28
Summer 0.46 0,68 0,76 0,80 0,98 1,26 I,B0 2,14 2,37 2,Be 4,15

Western Annual 0,15 0,19 0,24 0,31 0,46 0,79 0,93 1,19 1,32 1,50 1,59
Winter 0,10 0.14 0,19 0,27 0,38 0,59 0,81 1,02 1,11 1,26 1,81
Summer 0.00 0,14 0,27 0.44 0,83 1,19 1,43 1,72 2,27 2,g4 3,31

Ammonium Eastern Annual 0,04 0,06 0,08 0,09 0,13 0,25 0,37 0,45 0,50 0,52 0,81
Winter 0,03 0,05 0,05 O.OB 0,09 0,13 0,20 0,26 0,29 0,37 0,56
Summer 0,02 0,03 0,05 0,07 0,13 0,27 0,37 0,46 0,55 0,78 1,29

Western Annual 0.01 0.02 0,03 0,05 0.06 0,11 0,18 0,28 0,33 0,44 0,53
Winter 0,01 0,02 0,03 0,03 0,05 0,10 0,17 0,25 0,31 0,40 0,52
Summer 0,01 0.01 0,02 0,04 0,07 0,15 0.25 0,37 0,43 0,52 0,5g

Calcium Eastern Annual 0.05 0.05 0,07 0,09 0,11 0,17 0.25 0,38 0,47 0,60 0,99
Winter 0.04 0,04 0.05 0,06 0,07 0.10 0,14 0,20 0,26 0,41 0,63
Summer 0.05 0.06 0,06 0.09 0,12 0,16 0,27 0,42 0,54 0.73 1,21

Western Annual 0.03 0.04 0.05 O,OB 0.14 0,24 0,31 0,40 0,43 0,49 0,58
Winter 0.03 0.04 0.04 0,04 0,08 0,12 0,18 0,29 0,36 0,45 0.57
Summer 0,05 0,06 0,08 0,13 0,21 0,31 0.43 0,56 0,78 1,33 2,32
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.T_A_B__LE__b_I.Q,FrequencyDistributionPercentilesof E_timatedDeposition
(kg/ha)at the Cen,Brof 2670 SquaredKilometerHexagonsin
EasternNorthAmerica(n-1833)and WesternUnitedStates(n:1875),

pero_entI1B ......
_ _L_ ..L _LO__ _EQ__Z.L_EQ_ 9...L9__LMAX

Hydrogen Eastern Annual 0,02 0,03 0,05 0,08 0,21 0,30 0,37 0,45 0,50 0,55 0,59
Winter 0,00 0,01 0,01 0,02 0,04 0,08 0,07 0,08 0,09 0,10 0,12

k Summer 0,00 0,00 0,01 0,02 0,08 O,IO 0,14 0,19 0,20 0,23 0,28

Western Annual 0,01 0,01 0,02 0,02 0,02 0,03 0,05 0,09 0,13 0,19 0,24
Winter 0,00 0,00 0,00 0,00 0,01 0,01 0,01 0,02 0,03 0,05 0,07
Sulmler 0.00 0,00 0.00 0,00 0,00 0,01 0,02 0,03 0,04 0,08 0,10

Sulfate Eastern Annual 8,35 7,02 8,48 i0,18 13,91 17,10 21,38 24,78 28,72 29,42 32,17
Winter 0,35 0,44 0,51 0,64 1,53 2,81 3,72 4,24 4,73 5,83 6,41
Su_er 1,55 1,97 2,87 3,14 3,99 5,57 7,73 10,01 10.87 11,71 14,88

We.qtern Annual 0,84 1.17 1,47 1,87 2,35 3.39 5,35 8,08 11,07 14,35 16,33
Winter 0,10 0,13 0,18 0,21 0,31 0,48 0,84 1,83 2,10 3,28 4,00
Summer 0,07 0,12 0,19 0,25 0,44 1,22 1,88 2,53 3,07 4,46 5,60

Nitrate Eastern Annual 5,72 B.45 7,23 7.79 8,87 10,57 14,34 18,19 19,95 23,52 30,05
Winter 0.48 0.89 0,82 0,99 1,57 2,21 2,81 3,84 4,39 5,89 7,44
Surrlller1,20 1,79 2.14 2,31 2,71 3.18 4,10 4,97 5,47 8,II 6 98

Western Annual 0,65 0,82 1,18 1,39 2,08 3,20 4,38 6,29 7,B0 9,70 11 23
Winter 0.15 0.18 0.23 0,25 0,32 0.48 0,78 1,09 1.31 1,78 2 29
Surliller0,00 0.03 0,13 0,24 0.43 1,24 1,91 2.27 2,59 3,13 3 53

Ammonium Eastern Annual 0,52 0,69 0.95 1,10 1,48 2,10 2,86 3,67 4,17 5,56 6,91
Winter 0,04 0,06 0.08 0.12 0.17 0,25 0,35 0,49 0,54 0,74 1,38
SulTIner0.I0 0,13 0.16 0,18 0,31 0,60 0,93 1,15 1,29 1,64 2,77

Western Annual 0,12 0.15 0,18 0.21 0,27 0.43 0,98 1,41 1,74 2,09 2,30
Winter 0.02 0,03 0.03 0,04 0,05 0,08 0,14 0,24 0,32 0,51 1,II
SunIller0,00 0,00 0.01 0,02 O.OB 0,12 0,25 0.47 0,60 0,76 0,93

Calcium Eastern Annual 0,61 0,67 0.76 0,89 1.19 1.55 1,98 2.64 2,98 3,99 6,39
Winter 0.03 0.06 0.07 0,08 0.13 0,17 0,23 0,31 0,37 0,73 1.07
SulIITler0,IB 0.17 0,22 0,25 0,33 0.44 0,68 0,81 0,94 1,22 1,55

Western Annual 0,23 0.31 0.38 0.42 0,58 0.97 1,32 1,85 2,32 2,68 2,94
Winter 0,02 0,04 0,04 0,05 0.07 0.09 0,15 0,22 0,27 0,32 0,40
Summer 0,03 0,04 0.05 0,07 0,17 0,34 0.49 0,73 0.92 1,08 1,23
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TABLE A,II, Minimum and MaximumAnnual, Winter, and Summer Precipitation-
weighted pH and Total Hydrogen Deposition Observed at ADS
Sites in 1988 by Region,

pH

Western United States Eastern United States SoutheasternCanada
Sitename State pH Sitename State pH Sltename Prov pH

ANNUAL Longvlew TX 4,52 Oxford OH 4,16 Wilberforoe ON 4,24

Oliver Knoll AZ 4,74 IthaQa NY 4,18 Melbourne ON 4,24 /
Farllngton KS 4,75 Kane PA 4,16 Killarney ON 4,26

Big Bend Nat Park TX 5,69 Fernberg MN 5,14 Dawson Creek ON 4,95
Yellowstone WY 5,71 Camp Ripley MN 5,29 Quetioo Centre ON 5,05
Vines Hill OR 5,74 Lamberton MN 5,43 Ear Falls ON 5,_9

WINTER Beeville TX 4,55 Kane PA 4,22 McKellar ON 4,23
Vlotorla TX 4,57 Wooster OH 4,27 Mattawa ON 4,24
Forest Seed Cir TX 4,61 White Rook MD 4,27 Dalhousie Mills ON 4,26

Organ Pipe Men, AZ 5,BB Fayetteville AR 4,97 Jackson NS 4,80
Logan UT B,OB Iberla LA 5,06 Piakle Lake ON 4,84

Big Bend Nat Park TX B,45 EvergladesNat, Park FL 5,30 Bay d'Espoir NF 5,07

SUMMER Longview TX 4,31 Oxford OH 3,91 Merlin ON 4,04
Oliver Knoll AZ 4,48 Oxford OH 3,91 Dalhousie Mills ON 4,04
TanbarkFlat CA 4,55 White Rock MD 3,98 Melbourne ON 4,07

Woodworth ND 6,09 Fernberg MN 5,33 Dawson Creek ON 5,34

Red Rock Canyon NV 6,40 Lamberton MN 5,43 Expt, Lake Area ON 5,85
Logan UT B,59 El Verde RQ 5,58 Ear Falls ON 6,36

Deposition

Western United States EasternUnited States SoutheasternCanada

Sitename State kg/ha Sitename State kg/ha Sitename Prov kg/ha

ANNUAL Vines Hill OR 0,0027 Lamberton MN 0,0148 Ear Falls ON 0,0265

Alamosa CO 0,0045 Camp Ripley MN 0,0359 Quetico Centre ON 0.0813
Las Anlmas CO 0,0050 Big Springs Fish H IA 0,0544 Dawson Creek ON 0,0867

Marblemount WA 0,1818 BiscuitBrook NY 0,8170 Wilberforce ON 0,4952

Farllngton KS 0,1973 Kane PA O,B3BO Turkey Lake ON 0,5528
Longvlew TX 0,2957 Bennett Bridge NY 0,6791 McKellar ON 0.5969

WI_FFER Big Bend Nat Park TX 0,0001 EvergladesNat Park TX 0,0049 Quetlco Centre ON 0,0103
Logan UT 0,0004 Fernberg MN O,0OBO Pickle Lake ON O.OIO8
Newcastle WY O,OOOB Camp Ripley MN 0,0079 Lac Le Croix(a) ON 0,0112

Marblemount WA 0,0509 Kane PA 0,1398 Warsaw Caves ON 0.1177
Marshall TX 0,0704 Warwick MA O 1689 Dorset (c) ON 0,1281
Longview TX 0,0783 Bennett Bridge NY O 1760 McKellar ON 0.1641

SUMMER Logan UT O,O001 Lamberton MN 0 UO5/ Ear Falls ON O 0012 r
Red Rock Canyon NV 0,0001 McNay Research Sta IA 0 0130 Expt. Lake Area ON 0.0041 i
Hopland (Uklah) CA 0,0003 Camp RipIey MN 0,0138 Dawson Creek ON 0.0159

Gila Cliff Dwelling NM 0,0511 WhltB Rock MD 0,2636 Waterloo ON 0 1893 _
Farlington KS 0,0526 Ithaca NY 0,2654 Mattawa ON 0 _I4B
Longvlew TX 0,1411 Biscuit Brook NY 0,2706 Turkey Lake ON 0 21_H
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TABLE A.12. Minimum and Maximum Annual, Winter, and Summer Sulfate
Precipitation-weightedConcentrationsand Total Deposition
Observed at ADS Sites in Ig88 by Region

Concentration
L..

Western United States EasternUnited States SoutheasternCanada ,

Sitename State mg/l Sitename State mg/l Sitename Prov mg/l
ANNUAL

H.J. Andrews OR 0.19 EvergladesNat Park FL 0.76 Jackson NS 0,83
Starkey Experiment OR 0.20 Fernberg MN 0.91 Quetico Centre ON 0,92
Headquarters ID 0.24 Fernberg MN 0.91 Bonner Lake ON 1.05

Beeville TX 1,75 Wooster OH 3.62 Port Stanley ON 4.38
Longview TX 1.80 Oxford OH 3.62 Alvinston ON 5,77

Mead NE 2.03 Caldwell OH 3,63 Wilkesport ON 6,19

WINTER Starkey Experiment OR 0.09 EvergladesNat Park FL 0.52 Port Cartier PQ 0.40
SequoiaNat Park CA 0.12 Trout Lake WI 0.56 Pickle Lake ON 0.66
Montague CA 0.13 Fernberg MN 0.59 Harcourt NB 0.88

Attwater Prairie C TX 1.70 Kane PA 2.41 Palmerston ON 4,11

Beeville TX 2.13 Caldwell OH 2,57 Port Stanley ON 4.26
Victoria TX 2.53 Wooster OH 2.65 Wilkesport ON 5,19

SUMMER H.J. Andrews OR 0,18 El Verde RQ 0.65 Quetico Centre ON 0.74
Hopland (Ukiah) CA 0.34 EvergladesNat Park FL 0.68 Lac Le Croix(a)ON 0,85
Vines Hill OR 0.34 Fernberg MN 0.86 Bonner Lake ON 0,92

Nash Fork WY 1.87 Huntington IN 5.27 Merlin ON 5,66
Oliver Knoll AZ 1.90 Oxford OH 5.55 Alvinston ON 12,81

Longview TX 2.48 Oxford _ OH 6.16 Wilkesport ON 15,04

Deposition
Western United States EasternUnited States SoutheasternCanada

Sitename State mg/l Sitename State n_j/l Sitename Prov mg/l

ANNUAL Vines Hill OR 0.57 Lamberton MN 6.40 QueticoCtr ON 8.45
Silver Lake Ranger OR 0.60 Fernberg MN 7,80 QueticoCtr ON 10.49
Reynolds Creek ID 0.66 Spooner WI 7,88 Dawson Creek ON I0,76

Great PlainsApiar OK 10.44 Kane PA 31.02 Wilkesport ON 32,16
Longview TX 17.73 Parsons WV 31.55 McKel]ar ON 35.08
Farlington KS 18,38 Bennett Bridge NY 33.65 Alvinston ON 39,11

WINTER Cottonwood SD 0.06 Fernberg MN 0.20 Dawson Creek ON 0,59
Pinedale WY 0.09 Fernberg MN 0,38 Pickle Lake ON 0.84
Yellowstone WY 0.09 Camp Ripley MN 0,41 Port Cartier PQ 0.94

Alsea OR 2.33 Salem IL 6.33 Port Stanley ON 13.48
Forest Seed Ctr TX 2.55 Univ Forest MO 6,67 Shallow Lake ON 14,23
Longview TX 4.77 Southwest Purdue IN 7,23 McKellar ON 16,00

_", SUMMER Hopland (Ukiah) CA 0.03 Lamberton MN 1.79 Moosonee ON 2.10

Reynolds Creek ID 0.06 Coffeeville MS 2,20 Expt Lake Area ON 2.91
Vines Hill OR 0.06 Isle Royale Nat MI 2,49 Ear Falls ON 3.04

t

Ja Mayhill NM 3.73 Piedmont Station NC 12.86 Coldwater ON 12.50

Farlington KS 4,40 Virginia VA 12,99 Wilkesport ON 16,84
Longview TX 7.09 Wooster OH 13.21 Alvinston ON 19.85
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TABLE A.13. Minimum and Maximum Annual, Winter, and Summer Nitrate
Precipitation-weightedConcentrationsand Total
Deposition Observed at ADS Sites in 1988 by Region

Concentration

Western United States EasternUnited States SoutheasternCanada

Sitename State mg/l Sitename State n_j/l Sitename Prov mg/l

ANNUAL H.J. Andrews OR 0.08 EvergladesNat Park FL 0.41 Jackson NS 0,51
S_arkey Experiment OR 0,18 Tifton,ARS 6A 0.51 Kejimkujik(b) NS 0.72
Hyslop Farm OR 0.20 Southeast LA 0,59 Port Cartier PQ 0,78

Goodwell Research OK 1.39 Ithaca NY 2.12 Port Stanley ON 3,37
Manitou CO 1,45 Kane PA 2.22 Alvinston ON 3,62

Mead NE 1.74 Bennett Bridge NY 2.35 Wilkesport ON 3,76

WINTER Alsea OR 0.06 EvergladesNat Park FL 0,25 Kejlmkujik(b) NS 0,72
H.J. Andrews OR 0,08 Tifton,ARS 6A 0.34 Kejimkujik2 NS 0,75
Starkey Experiment OR 0.10 Bellville GA 0.36 Port Cartier PQ 0,89

Scott Lake KS 1.28 Big Moose NY 2.49 Port Stanley ON 3,93
Green River UT 1,74 Underhill VT 2,51 DalhousieMills ON 4.25

Lancaster KS 1.83 Bennett Bridge NY 2.93 Wilkesport ON 4,94

SUMMER Davis CA 0.01 El Verde RQ 0,08 Quetico Centre ON 0,42
Hopland (Ukiah) CA 0,01 EvergladesNat Park FL 0.31 Chapais PQ 0,57
Alsea OR 0.02 Tifton,ARS C_A 0,61 Bonner Lake ON 0,60

Chuchupate CA 2.56 Caldwell OH 2.65 Wellesley ON 3,18
Red Rock Canyon NV 2.95 Oxford OH 2.71 Wilkesport ON 5,11
Tanbark Flat CA 4,09 Brookhaven NY 2,78 Alvinston ON 5.26

Deposition
Western United States EasternUnited States SoutheasternCanada

Sitename State kg/ha Sitename State kg/ha Sitename Prov kg/ha

ANNUAL Silver Lake Ranger OR 0,483 EvergladesNat Park FL 5,553 Jackson NS 7,883
Yellowstone WY 0,773 Lamberton MN 6,172 Moosonee ON 7.993

Vines Hill OR 0,777 Tlfton, ARS 6A 6,250 Quetico Centre ON 9,340

Mead NE 8,136 Kellogg MI 20,725 Alvinston ON 24,510

Longview TX 8,785 Kane PA 21,223 Turkey Lake ON 27,436
Farlington K_ 12,167 Bennett Bridge NY 30,053 McKellar ON 32,288

WINTER Cottonwood SD 0,098 EvergladesNat Park FL 0,246_ Dawson Creek ON 1,208
Organ Pipe Mon AZ 0,108 Fernberg MN 0,471 Port Cartier PQ 2,088

Silver Lake Ranger OR 0,108 Lake Dubay WI 0,598 Expt Lake Area ON 2,530

Longview TX 2.235 Big Moose NY 6,535 Shallow Lake ON 14,550
Marshall TX 2,498 Warwick MA 6,972 Dorset (c) ON 15.222
Dry Lake CO 2,761 Bennett Bridge NY 10,887 McKellar ON 18,442

SUMMER Hopland (Ukiah) CA 0,001 El Verde RQ 0,976 Moosonee ON 1.439

Davis CA 0,003 Coffeeville MS 1,113 Port Cartier PQ 1,788
Alsea OR 0,010 Tifton, ARS GA 1.600 Chapais PQ 1,835

Manitou CO 3,376 White Rock MD 6,401 Longwoods (b) ON 6,444 _Farlington KS 3,391 Wooster OH 6,807 ShallowLake ON 6,857

Longview TX 3,568 Kellogg MI 7,712 Alvinston ON 8,160
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TABLE A.14. Minimum and Maximum Annual, Winter, and Summer Ammonium
Precipitation-weightedConcentrationsand Total
Deposition Observed at ADS Sites in 1988 by Region

Concentration

Western United States Eastern UnitedStates SoutheasternCanada

Sitename State mg/l Sitename State mg/l Sitename Prov mg/l

ANNUAL Marblemount WA 0.011 EvergladesNat Park FL 0,033 Jackson NS 0,084
H,J. Andrews OR 0.015 Acadia > Ii/81 ME 0.059 Kejimkujik(b) NS 0,098
Starkey Experiment OR 0.016 Santee Nat Wi SC 0,059 Port Cartier PQ 0.100

Scott Lake KS 0.347 McNay Research Sta IA 0,499 Wellesley ON 0,739
Goodwell Research OK 0.412 Shabbona IL 0,511 Wilkesport ON 0,854
Mead NE 0.543 Lamberton MN 0.521 Alvinston ON 1,002

WINTER H,J. Andrews OR 0.010 Everglades Nat Park FL 0.022 Port Cartier PQ 0,035
Marblemount WA 0.010 Perryville KY 0,026 Pickle Lake ON 0,037
Alsea OR 0.010 Greenville Station ME 0,028 Jackson NS 0,037

Scott Lake KS 0.418 Camp Ripley MN 0,295 DalhousieMills ON 0,894
Mead NE 0,539 Finley (A) NC 0.367 Palmerston ON 1,196
Logan UT 0,568 Shawano WI 0,397 Wilkesport ON 1,236

SUMMER Bull Run OR 0,010 El Verde RQ 0.010 Jackson NS 0,121
Davis CA 0,010 Everglades Nat Park FL 0.01.0 Port Cartier PQ 0,139
Hopland (Ukiah) CA 0,010 Blackbelt AL 0.020 Kejlmkujik (b) NS 0.140

Huron Well Field SD 0,532 Illinois IL 0.541 Wellesley ON 0,933
Tanbark Flat CA 0.550 Oxford OH 0.617 McKellar ON 1,374
Woodworth ND 0,568 Caldwell OH 0,844 Alvinston ON 1,916

Deposition
Western United States Eastern United States SoutheasternCanada

Sitename State mg/l Sitename State mg/l Sitename Prov mg/l

ANNUAL Silver Lake Ranger OR 0.063 Everglades Nat Park FL 0,444 Port Cartier PQ 1.218
StarkeyExperiment OR 0.088 Santee National Wi SC 0,523 Jackson NS 1,286
South Pass City WY 0,092 Kennedy Space Center FL 0,642 Kejimkujik (b) NS 1,400

Goodwell Research OK 1.646 Oxford OH 3.772 Alvinston ON 6.789

Farlington KS 2.293 Shabbona IL 3.829 Turkey Lake ON 6.942
Mead NE 2.545 Kellogg MI 4,556 McKellar ON 8.433

WINTER

Pinedale WY 0.007 EvergladesNat Park FL 0,021 Pickle Lake ON 0.047
Silver Lake Ranger OR 0,012 Trout Lake WI 0,024 Port Cartier PQ 0,083
Clancy MT 0.013 Fernberg MN 0.036 Dawson Creek ON 0,141

Tanbark Flat CA 0,509 Pittsboro NC 0,772 Turkey Lake ON 3.269
Davis CA 0.589 Warwick MA 0.814 McKellar ON 3,533
Marshall TX 1,863 BennettBridge NY 0.857 Palmerston ON 3,583

SUMMER Hopland (Ukiah) CA 0.001 BuffaloRiver AR 0.043 Jackson NS 0,384

Reynolds Creek ID 0,001 Tifton,ARS GA 0.060 Port Cartier PQ 0.388
Davis CA 0.002 Southern IL U IL 0.066 Moosonee ON 0,432

._v Pawnee CO 0.629 Kellogg MI 1,528 LaG Le Croix(a) ON 2.791
Woodworth ND 0,740 Caldwel OH 1,799 Alvinston ON 2.970
Scott Lake KS 0,759 Fernberg MN 2,252 McKellar ON 3.656

A.77



TABLE A.15. Minimum and Maximum Annual, Winter, and Summer Calcium
Precipitation-weightedConcentrationsand Total
Deposition Observed at ADS Sites in 1988 by Region

Concentration

Western United States Eastern United States SoutheasternCanada

Sitename State mg/l Sitename State mg/l Sitename Prov mg/l

ANNUAL Marblemount WA 0.03 Bridgton ME 0.06 Jackson NS 0.04 /
Hopland (Ukiah) CA 0,03 Tifton, ARS GA 0,07 Kejimkujik(b) NS 0,05
H.J, Andrews OR 0.03 Georgia Station GA 0,07 Port Cartier PQ 0.05

Mesa Verde CO 0.58 Monmouth IL 0.50 Alvinston ON 1.00

Las Animas CO 0.58 Big Springs Fish Ho IA 0.55 Wilkesport ON 1.01
Great Plains Apiar OK 0.66 McNay Research Station IA 0.67 Port Stanley ON 1.18

WINTER Sequoia Nat Park CA 0.03 Winterport ME 0,03 Jackson NS 0.04
Montague CA 0.03 Quabbin Reservoir MA 0.04 Harcourt, NB 0,04
Marble_unt WA 0.03 Georgia Station GA 0.05 Bear Island ON 0.11

o

Lancaster KS 0.51 BennettBridge NY 0.29 Port Stanley ON 1,38
Big Bend Nat Park TX 0.62 Shabbona IL 0,31 Huron Park ON 1,44
Muleshoe Nat Wil TX 0.81 Monmouth IL 0.36 Wilkesport ON 1.68

SUMMER H.J. Andrews OR 0.03 Clingman'sPeak NC 0.06 Kejimkujik(b) NS 0,05
Marblemount WA 0.04 Piedmont Station NC 0.06 Port Cartier PQ 0,05
Olympic Nat Park WA 0,05 Bridgton ME 0.07 Chapais PQ 0.07

Logan UT 0,74 Monmouth IL 0.44 Port Stanley ON 0.77
Red Rock Canyon NV 1,49 McNay Research Station IA 0,76 Colchester ON 0,78
Great Plains Apiar OK 3.02 Big SpringsFish Ho IA 0.77 WilkespOrt ON 1,37

Deposition
Western United States EasternUnited States SoutheasternCanada

Sitename State mg/l Sltename State mg/l Sitename Prov mg/l

ANNUAL Vines Hill OR 0.12 Bridgton ME 0.55 Port Cartier PQ 0.60
Silver Lake Ranger OR 0,14 Caribou (a) ME 0.71 Jackson NS 0.66
Hopland (Ukiah) CA 0.16 East MA 0.71 Harcourt NB 0,67

LBJ NationalGrass TX 2.83 McNay Research Station IA 3.07 Wilkesport ON 5,27
Farlington KS 3.23 BennettBridge NY 3.22 Alvinston ON 6,77
Great PlainsApair TX 4.61 Big Springs Fish Ho IA 3.28 Port Stanley ON 7,85

WINTER Cottonwood SD 0.01 Fernberg MN 0.04 Harcourt NB 0,11
Pinedale WY 0.03 Winterport ME 0.04 Jackson NS 0.16
Silver Lake Ranger OR 0.03 Jasper NY 0.05 Pickle Lake ON 0,18

Four Mile Park CD 0.40 Wellston MI 0.46 Wilkesport ON 4.07
Dry Lake CO 0.43 Monmouth IL 0.48 Port Stanley ON 4.36
Farlington KS 0.43 BennettBridge NY 1.07 Huron Park ON 4,52

SUMMER Hopland (Ukiah) CA 0.01 NACL MA 0.13 Port Cartier PQ 0.15 (P-Tanbark Flat CA 0,02 Clingman'sPeak NC 0,16 Kejimkujik(b) NS 0.16
Reynolds Creek ID 0.02 Clinton MS 0.17 Chapais PQ 0.21

Mayhill NM 0.86 Fernberg MN 1.31 Colchester ON 1.42 _
LBJ National Grass TX 0.90 McNay Research Station IA 1.39 Wilkesport ON 1.54
Great Plains Apiar OK 3.19 El Verde RQ 2,98 Shallow Lake ON 1,72
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