ABiogeochemistry:

I Scientific study of the chemical, physical,
geological, and biological processes and
reactions that govern the composition of the
natural environment and the cycles of matter

and energy that transport the Earth's chemical
components in time and space.

Biogeochemistry Is a systems science

ABiogeosociochemistry
I Makes humans a part of the system



OUTLINE

Alntroduction to Baltimore Ecosystem Study
(BES).

ATwo examples of why it is important to include
At hhe human di mensi ono
sclence:

| Land use, climate change and stream nitrate
export.

| Stream restoration and nitrogen removal.



BALTIMORE ECOSYSTEM STUDY

A Component of the NSF LTER network.

A Collaborative effort: Cary Institute, USFS, UNC,
USGS, UMBC, UMD, UVM, JHU, PPF, Yale.

A Components include:
| Watershed studies
I Internal dynamics (solls, vegetation, hydrology)
I Modeling and spatial analysis
I Social science
I Historical analysis
I Education/outreach/understanding



BES QUESTIONS:

A Structure. What is the spatial and temporal patch
structure of socio-economic, ecological and physical
factors in the urban ecosystem?

A Function. What are the fluxes of energy, matter,
capital and population in the urban ecosystem?

A People. How can people develop and use an
understanding of the city as an ecological system to
Improve the quality of their lives and their
environment.



A focus on nitrogen:

AMost dramatic global human alteration.
ALeads to pollution of water and air.

AMajor concern about nitrate (mobile ion),
especially in coastal areas.

ASources: Atmosphere, fertilizer, sewage,
disturbance.

ASinks: Plants, soils, microbes
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N BUDGETS 1999 - 2001

Suburban Forested Agriculture
-------------------- - kg N hatly?l -
Inputs
Atmosphere 8.7 8.7 8.7
Fertilizer 13.9 0 100
TOTAL 22.6 8.7 108.7
Outputs
Streamflow 6.5 0.52 16.4
Retention
Mass 16.1 8.2 92.3
Percent /1 94 85

Source:Groffman etal. (2004)




Two examples of biogeosociochemical
analysis:

AEffects of increased hydro-climatic variabiltiy
on nitrogen exports.

A Stream restoration:
| Effects on nitrogen.
| Challenges at the interface with society.



Variation in precipitation affects nitrogerexports;drought
followed by wet years increases exports from forested watershec
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Precipitation variation effects on nitrogen export are greatly
amplified in developed (agricultural, suburban) watersheds
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Longerterm data from the larger Potomac River shows
iIncreased variablility in precipitation and nitrogen export

Potomac River Estuary
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Cities offer opportunities to explore feedbacks
between changes In ecosystem functions and
services, human perceptions and human actions:

Humans in cities

Dead Run atFranklintown

=

Flow paths and fluxes,
nitrogen processing,
ecosystem function

Source:Andy Miller, UMBC



Stream restoration:
an integrated bio-

geo-socio-chemical
phenomenon:




Natural Channel A Urban stream
syndrome:

| High storm flows.
I Incised channels.

Water Table —Stream o .
i Drier riparian zones with
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The traditional solution . . .

Fig. 3.10 — Stream channelization. Instream modifications, such as uniform cross section and armoring,
result in ecological decline.

In Stream Corridor Restoration: Principles, Processes, and Practices (10/98).

By the Federal Interagency Stream Restoration Working Group (FISRWG) (15 Federal agencies of the U.S.)
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Source:Gary Fisher, USGS



Stony Run

Heavily urbanized area

I One of the most polluted
streams in the city

A Highly developed
I Impervious surfaces
I Limited space




