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SOClo-economic drivers

land use/cover change

ecol/biogeochem consequences




e Approaches

— Direct experiments (usually deforestation)
* Primarily hydrologic consequences

— Space for time swaps
« Based on spatial variations in land cover

e How does stream flow and chemistry vary
with land cover/use?

e What does hydrochemical modeling tell us?



e Socioeconomic drivers
— historical data or records

e Land use/cover
— maps, aerial photos, satellite imagery

e Biogeochemical consequences
— data rarely available



LULCC in the Choptank River Basin, MD

1990 Landuse
[ ] Agriculture: 1070 km2 or 52%
I Developed: 96 km2 or 5%
[ ] Feedlots: 11 km2 or 1%
Forest: 542 km?2 or 26%
[ ] Wetlands: 39 km2 or 2%
I Vater: 300 km2 or 15%

Benitez and Fisher, 2001
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e Effects of changes in land use/cover on
— export of materials from land to water

e TWo components:
— stream discharge (storm response, water yield)

— “water quality” = conc. of diss. or part. materials
* Low conc = good water quality

e Effects on soils



e |deal situation:
— monitoring WQ during land use/cover change
— rarely observed (no colonial water data)
— sediment cores reveal erosion and plant changes
« Good validation data, but not spatially explicit
e Alternative: “space for time swaps”

— Use variations in space to infer trajectory of a time
course

— Sample WQ in basins with varying amounts of
land cover

— Substituting spatial variations for temporal ones



e Problems:

— Assumes common temporal trajectory for all land
cover conversions

* sampling in space = sampling in time
— Ignores real spatial heterogeneity with differing
trajectories and histories



Stream Stations in
the Chester Basin

1 year of stream
~1990)

Stream Stations in
the Choptank Basin
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Choptank River Basin
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Choptank River Basin
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The two main
land covers are
Inversely
correlated.



[TN], uM

Effect of Land Use in the Choptank River Basin
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In higher total N In streams, primarily as nitrate .
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linear relationship
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Groundwater [NO,], mg L~

Hamilton et al. (1993)
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Agriculture and
human populations
are the primary
cause of increased
N In groundwater
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Median NOs concentration (mg L™
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Couplings of Watersheds and Coastal Waters

Cape Cod: Valiela et al. 1992
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Groundwater
nitrate increases
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density In
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Fertilizer applications and nitrate in
groundwater on the Delmarva Peninsula
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[TP], mg L

Choptank Basin
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Source: Sims et al. 1998
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Runoff dissolved P (mg/L)
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Storm Event, December 1982
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e Forest removal and urbanization

— Increased rate of response to a storm and loss of
baseflow

* Less capacity to retain water (= lower baseflow)

— Total volume of water increased
 Less evapotranspiration (= more stormflow)
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Runoff rate

Urbanization increases stream velocity and total runoff

/ Increased velocity and bank erosion

Runoff
After urbanization

/ Before urbanization

Time

The effect of urbanization
on storm runoff.

Source: Chow et al. 1988
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e Export = water flow * concentration
— Increased rates of water flows
— Increased concentrations in stream water

e Conversion from forest to ag to urban
— Exports greatly increased

e Often normalized per unit area watershed
— kg hal y1 (area yield coefficients)
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e Potassium and agriculture
e Urban and ag land uses (C, sed)
e EMAP surveys of land cover effects (NO;", CI)



New England basins

Source: Driscoll and Whitall, unpub.
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e Sample a stream once In time
e Sample extensively in space

e Use land cover to understand stream
chemistry

log(conc) = a,(LULC,)) + ... +a,(LULC,) + error



EPA Region IlI:

Sample Year

» 1863
o 1994

Intensive spatial
sampling, single
stream water
sample.
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Location of sample sites in 1993 and 1994 EMAP stream surveys,



STREAM CHEMISTRY, LAND USE AND LAND COVER
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[Cl-] was primarily associated with urban areas and road salt
applications. Modeled values agreed well with observed.



Nitrate (ueq/L)
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[NO;] was exponentially associated with forested
land, much as we observed in the Choptank.



e N transfer coefficient in Choptank subbasins
— Use land cover to estimate [NO,] in groundwater

— Compare with [NO,] in stream base flows
» Base flows are derived from groundwater flows

— Base flow [NO,] < estimated groundwater [NO,]
» Some NO; Is lost as groundwater moves to streams



NO3 transfer coefficient
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e Calibrate model to current conditions

e Model experiments
— Withhold fertilizers
— Eliminate human wastewaters
— Compare with all forested condition
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kg P hat y'1

Tilghman Island

no wastewater-

no fertilizer/no wastewater
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e Of all land covers, forests have the lowest water
yields and export of materials

— Highly retentive

e Agriculture increases N and K losses via enrichment
of groundwater K* and NOg

e Soils moderate ag N losses and accumulate P
— Release P from surface materials during storm events

e Urban and agricultural areas export 10-100 x
sediment and C as forested areas

e Urban areas increase water yields, export NaCl from
road salt use, and increase NO; In groundwaters
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Chester River Basin
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Chester River Basin

® (Chester Data
—— Choptank Line
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Four of the
stations were
tidal in summer,
and in-stream
loss of NO,
reduced annual
concentrations.
Three other
stations had
unusually well-
drained soils,
leading to
greater leaching
losses of NO;.
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Ca2* Concentration (mg/L)
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Source: Liu et al (2000)



e Degraded water quality now observed
— EPA 303d list of impaired waters

e Short history of observations
e Little undisturbed information available



Choptank River Basin
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[NO], uM
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[TP], uM

Choptank River near Greensboro
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modeled P export, kg P y'1

Italian River Inputs to the Adriatic Sea
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e Choptank Wastewater Plant Discharges
[ ] Choptank Wastewater Drainages
| | Choptank Watershed Boundary
Choptank Streams
Choptank

B Water

1990 sewered
population = 26,725
(37%)

There is about 5-7
millions of gallons
of sewage entering
the Choptank per
day from 11
licensed WWTPs.



Easton WWTP
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Easton WWTP
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N and P Budgets
for the Choptank Estuary
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Choptank River Basin
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e Fertilizer applications have greatly
Increased nitrate in groundwater since 1950

e N concentrations In streams are elevated In
basins dominated by agriculture

e Human wastewaters are high in P and are an
Important source If only secondary
treatment Is used

e The increasing size of human populations is
a primary driver of eutrophication



e Tertiary treatment of wastewater
— P removal will have more impact than N
e Target BMP application to high load
subbasins dominated by agriculture
— Winter cover crops
— Stream buffers
— Restored wetlands
e Integrate management of oysters, SAV,
TSS, and nutrients
— Let the benthic biota help improve WQ



e Satellite Imagery after 1972
e Aerial photographs after 1936
e Historical maps after 1845
e Socioeconomic statistics  when available
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Socioeconomic Statistics
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e [nitial settling and tobacco production
resulted Iin scattered deforestation

e After 1750, wheat production resulted rapid
expansion of agriculture

e 1900 represented the agricultural maximum
In the Choptank, about 75% of land use.

e Urban areas have been small, but growing
exponentially with the human population



1850
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Rapid urbanization

Local deforestation
to agriculture

1936

i} 25 Cambridge = 295 ha

Continuing urban-
ization

. B Local reforestation

from agriculture

Exponential expansion
(urbanization) of
small towns was a
consistent pattern
observed in the GIS
coverages of the
Choptank basin.



Annual mean cfs

Annual Discharge at Greensboro, MD (01491000)
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[ ] Basin Boundary
1990 Landuse
[ ] Agriculture: 1070 km2 or 52%
B Developed: 96 km2 or 5%
[ ] Feedlots: 11 km2 or 1%
Forest: 542 km2 or 26%
[ ] Wetlands: 39 km2 or 2%
B VWater: 300 km2 or 15%
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e Assumption: spatially varying intensity can
llustrate
— Trajectory

— Conseguences
« Stream discharge (some direct observations)
« Water quality



Trajectories of LCLUC effects
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