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Rationale

Nitrogen transport from river basins has 

doubled globally

Increasing land use change and climate 

variability

Contamination of drinking water supplies

Currently 150 dead zones along coasts 

and the number is growing





Outline

I.  Urbanization alters hydrologic “connectivity” 

II.  Urbanization and climate variability amplify     

nitrogen loads 

III.  Can we engineer "connectivity" with 

biogeochemical “hot spots” to reduce future 

nitrogen loads? 



I.  Urbanization alters hydrologic 

“connectivity”



Emphysema



 

Elmore and Kaushal (2008)

Disappearing Streams?



 

Elmore and Kaushal (2008)



How will a highly “connected” landscape 

respond to climate variability?



II.  Urbanization and climate 

variability amplify nitrogen loads
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Medium-Sized Baltimore Watersheds
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• Human land use amplifies effects of climate

• Developed land less resilient to climate

• Record coastal hypoxia



III.  Can we engineer "connectivity" with 

biogeochemical “hot spots” to reduce 

future nitrogen loads?



Stream restoration

Riparian “reconnection” 

Increased denitrification 

and improved water 

quality

?



Nutrient inputs

Bank Incision

Removal of riparian zone

Urban Stream Degradation

Increased Nitrogen Concentrations



Engineering Riparian “Connectivity” 

Bank re-shaping

Cross Vane

Re-vegetation

Floodplain



Hypotheses

• Stream restoration increases rates of 

hyporheic denitrification

• Denitrification is stimulated by riparian 

hydrologic “connectivity”



High Bank

(Unrestored)



Low Bank

(Unrestored)



High non-connected bank

(Restored)



Low “Connected” Bank

(Restored)
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Nitrogen removal in “engineered” streams?
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Stream characteristics

Discharge (L s-1) 2.16

Average surface water velocity (m s-1) 0.0061

NO
3

- concentration (μg-N L-1) 973

NO
3

- flux (μg-N s-1) 2100

Total uptake rates

k
tot

(m-1) 0.00180

S
w, tot

(m) 556

U
tot

(mg m-2 d-1) 151.4

V
f, tot

(m h-1) 0.0065

Denitrification uptake rates

k
den

N
2
+N

2
O (m-1) 0.00182

S
w,den

(m) 549

U
den

(mg m-2 d-1) 153.1

V
f,den

(m h-1) 0.0066

NO3
- flux = 

182,000 mg-N d-1

~ 40%
of the daily load was 

removed by 

denitrification over a 

220.5 m reach

Klocker et al. (In Press)



Re-inventing the Urban River Continuum



Gwynns Falls (BES LTER)
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Re-inventing the Urban River Continuum

Newcomer (Thesis)



Spring Branch Restoration
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Pulses:  Climate Variability

Presses:  Land Use Change
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Conclusion

• Urbanization has altered hydrologic 
"connectivity" to coastal waters

• Hydrologic "connectivity" has decreased 
nitrogen retention 

• Can engineering "connectivity" with 
biogeochemical “hot spots” increase 
resilience to climate variability? 
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