
ÅBiogeochemistry:

ïScientific 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

ÅBiogeosociochemistry

ïMakes humans a part of the system



OUTLINE

ÅIntroduction to Baltimore Ecosystem Study 

(BES).

ÅTwo examples of why it is important to include 

ñthe human dimensionò in environmental 

science:

ïLand use, climate change  and stream nitrate 

export.

ïStream restoration and nitrogen removal.



BALTIMORE ECOSYSTEM STUDY

ÅComponent of the NSF LTER network.

ÅCollaborative effort: Cary Institute, USFS, UNC, 

USGS, UMBC, UMD, UVM, JHU, PPF, Yale.

ÅComponents include:

ïWatershed studies

ïInternal dynamics (soils, vegetation, hydrology)

ïModeling and spatial analysis

ïSocial science

ïHistorical analysis

ïEducation/outreach/understanding



BES QUESTIONS:

ÅStructure.  What is the spatial and temporal patch 

structure of socio-economic, ecological and physical 

factors in the urban ecosystem?

ÅFunction.  What are the fluxes of energy, matter, 

capital and population in the urban ecosystem?

ÅPeople.  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:

ÅMost dramatic global human alteration.

ÅLeads to pollution of water and air.

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

ÅSources:  Atmosphere, fertilizer, sewage, 
disturbance.

ÅSinks:  Plants, soils, microbes





Sources:  Mike McGuire, UMBC (above) and 

Guy Hager, Parks & People Foundation (right).



Source:  Groffman et al. (2004)
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N BUDGETS 1999 - 2001

Suburban Forested Agriculture

----------------------- kg N ha-1 y-1 ----------------------

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 71 94 85

Source:  Groffman et al. (2004)



Two examples of biogeosociochemical

analysis:

ÅEffects of increased hydro-climatic variabiltiy

on nitrogen exports.  

ÅStream restoration:

ïEffects on nitrogen.

ïChallenges at the interface with society.



Forests
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Variation in precipitation affects nitrogen exports; drought 
followed by wet years increases exports from forested watersheds:

Source:  Kaushal et al. (2008)
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Source:  Kaushal et al. (2008)

Precipitation variation effects on nitrogen export are greatly 
amplified in developed (agricultural, suburban) watersheds:



Potomac River Estuary
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Source:  USGS, MWCOG,  MDE, Norb Jaworski

Longer-term data from the larger Potomac River shows 
increased variability in precipitation and nitrogen export:



Environmental 

quality

Flow paths and fluxes,

nitrogen processing, 

ecosystem function

Humans in cities 

Regulatory

policy

Regulatory

policy

Urban 

infrastructure

Cities offer opportunities to explore feedbacks 
between changes in ecosystem functions and 
services, human perceptions and human actions:

Source:  Andy Miller, UMBC



Stream restoration:  

an integrated bio-

geo-socio-chemical 

phenomenon:



Natural Channel ÅUrban stream 

syndrome:

ïHigh storm flows.

ïIncised channels.

ïDrier riparian zones with 

lower water tables.Channel with Incision 

Due to Increased Runoff

Water Table Stream

ÅChannel Erosion

ÅNonfunctional Floodplain

ÅDry Riparian Soils
Source:  Ken Belt, USFS



The traditional solution . . .



Restored Urban Stream: Early Stage

Source:  Gary Fisher, USGS



Restored Urban Stream: Developed Stage

Source:  Gary Fisher, USGS



Hyporheic Ground Water
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Source:  Kaushal et al. (2008)
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Houses

Source:  Gary Fisher, USGS



People

Source:  Gary Fisher, USGS



Heavily urbanized area
ïOne of the most polluted 

streams in the city

ÅHighly developed
ïImpervious surfaces

ïLimited space

Stony Run


