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INTRODUCTION

RESULTS

A biosphere relevant earth system model (BioEaSM) is needed to integrate features of atmospheric,
terrestrial, and aquatic models to account for the way components of the atmosphere and biosphere
influence one another. The Visualization Environment for Rich Data Interpretation (VERDI) takes one step
toward developing a BioEaSM framework, allowing users to graphically display outputs from air quality
models and interpolate atmospheric deposition output over regions, such as watersheds, through the
Watershed Deposition Tool (WDT) (Schwede et. al. 2009). In this study, monthly accumulated model
deposition output for Hg, N, and S were interpolated over watersheds in the Pacific Northwest. The
modeled Hg and N deposition levels were compared against data from the Mercury Deposition Network
(MDN) and EPA National Lake Assessment (NLA) survey, respectively. The results demonstrate the need to
link hydrological and ecosystem models with regional atmospheric modeling systems.

Figure 2: Same as
Figure 1, but
showing Hg
deposition.

Figure 1: Modeled
total (dry and wet)
atmospheric
deposition rates of N
(kg ha-1) into
hydrologic units in
HUC (Hydrological
Unit Codes) region
17. Results shown
are for June 2009.

Figure 6: Modeled monthly N
deposition rates for 2008 and 2009.

N and S deposition rates were
highest during August--November.
Hg deposition rates peaked during
May--July. Rates were higher in
eastern WA/OR, but the seasonal
pattern holds across the region

Figure 7: Comparison of Hg annual mean deposition
rates between modeled results and MDN data.

The Mercury Deposition Network data
shows a very weak positive correlation
with model results which suggests that
atmospheric deposition is important for
these watersheds.

METHODS
•Wet and dry deposition rates for Hg, N, and S during 2008-2009 were accumulated by month from the
Air Indicator Report for Public Access and Community Tracking (AIRPACT-3) air quality forecast system
(Chen et. al. 2008) and interpolated to watersheds using the WDT feature of VERDI (Figures 1 and 2).
•The watersheds of highest modeled deposition rate were ranked from VERDI results (Tables 1-3).
•Modeled Hg deposition to watersheds containing MDN sites was compared to recorded deposition
levels within these watersheds (Figure 7).
•Watersheds studied in the EPA NLA were ranked according to modeled N deposition, as well as
according to measured total N load recorded in the NLA. These ranks were compared (Figure 8). The
VERDI rank was also compared to NLA reported trophic levels.
Table 1: Modeled mercury deposition rate into watersheds with the highest rates.

Watershed

Area
2
(km )

17090012 990.6
17090008 1849.9
17080001 2658.8
17090010 1720.5
17080003 2121.3

Hg
(Hg kg/ha)

Location

4.0E-04
3.2E-04
3.0E-04
2.7E-04
2.7E-04

Lower Willamette
Yamhill
Lower Columbia-Sandy
Tualatin
Lower Columbia-Clatskanie

Table 2: Modeled sulfur deposition rate into watersheds with the highest rates.

Watershed

Area
(km2)

17110016 402.4
17110012 1453.5
17110002 2201.7
17090012 990.6
17110004 1875.9

S
(S kg/ha)

Location

5.5
5.4
5.2
4.8
4.5

Deschutes
Lake Washington
Strait of Georgia
Lower Willamette
Nooksack

Table 3: Modeled nitrogen deposition rate into watersheds with the highest rates.

Watershed

Area
(km2)

17110001 157.5
17110004 1875.9
17110012 1453.5
17110011 668.4
17100203 2303.3

N
(N kg/ha)

Location

28
12
9.6
9.4
9.2

Fraser
Nooksack
Lake Washington
Snohomish
Wilson-Trusk-Nestucca

Figure 8: Comparison of N deposition by rank between modeled results and NLA data

A regression of VERDI and National
Lake Assessment rank has a
negative slope. This suggests that N
loading in watersheds is not
dominated
by
atmospheric
deposition. The comparison of
VERDI rank to trophic levels shows
similar results, with a negative
slope.

Figure 3: Top 10 watershed by Hg deposition.

CONCLUSIONS

Figure 4: Top 10 watersheds by S deposition.

•Highest modeled deposition of Hg, N, and S occurs in W. WA. This can be attributed to the relatively
densely populated I-5 corridor and specific industrial sources, including power plants and incinerators.
•The high scatter in the comparison of VERDI to NLA rank prevents definite conclusions. The limited
agreement suggests that atmospheric deposition of N is not the primary source of N in these lakes. Further
study should examine the watershed land use to see how this correlates to N loading in lakes. Also, more
atmospheric deposition monitoring sites in the PNW would provide a truer comparison to VERDI.
•VERDI deposition amounts weakly correlate to MDN results. This correlation suggests that areas with
greater modeled deposition experience greater deposition. Correlation may be improved by establishing
more study sites throughout the PNW for comparison.
•VERDI takes a first step toward establishing a BioEaSM through its WDT, but a more complete coupling of
atmospheric and hydrological models must consider how surrounding land area and waterbody
characteristics influence the way atmospheric deposition affects waterbodies.
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