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The Chesapeake Bay watershed
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Multiple Changes in climate, land use and nitrogen input in

the Chesapeake Bay watershed during 1900-2015
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A wetter and warmer climate, but varied spatially
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Widespread urbanization and cropland abandonment

Impervious surface change Cropland change
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Increased stream water temperature

Water temperature

High-order stream Headwater stream

Headwater stream temperature shows a higher
increasing rate than that of high-order stream
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The question needs to be answered

How have multi-factor stresses in
climate, atmospheric chemistry, land
use and land management affected
carbon and nitrogen cycling in the
Chesapeake Bay watershed?



DLEM - The process-based modeling approach
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DLEM - A coupled biogeochemical/hydrological model

Legend
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Framework of the terrestrial-aquatic interface (TAI) in the DLEM
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Comparison of DLEM simulated riverine N fluxes with the observations
from USGS in six major rivers (e.g. Susquehanna River as an example)
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Comparison of DLEM—simulated TN with CBP-Phase6 and SPARROW
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Long-term change in N loading (1900-2015)
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» NH4*, NO3~ and DON export increased obviously (65.0% for NH4, 106.8% for NO3
and 40% for DON) from the 1900s to 1990s, and then declined due to pollution
treatment in recent decades.

» PON exports kept relatively stable during the whole period. Pan et al. 2021, JGR



Spatial Variability of N Export Changes (1900-2015)
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» The leaching rate of NOs™ increased during 1900-2015 almost in the whole watershed
» Enhanced NH4* was found mainly in cropland, wetland, and grassland.

» Change rates of DON leaching were not significant.

» PON leaching rates demonstrated opposite patterns in different parts of the watershed.
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Figure S3. Annual averages of simulated riverine N exports in the (a) Susquehanna,
(b) Potomac, and (c) James River sub-basins from 1900 to 2015.
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The dominant controls on N loading are

different among N species
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Major controlling factors for different N species:

Riverine NH4+ : sewage.

Riverine NO3-: land use change, N fertilizer and N deposition change
Riverine DON: urban sewage water

Riverine PON: land use change and climate change.
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The relative importance of environmental Factors to N

loading varied over time

decade S1 S2 S3 S4 S5 S6 S7
(Climate) (CO») (N deposition) (N manure) (Landuse) (N fertilizer) (N sewage)
1900s 2.7 0.0 0.1 0.0 -0.4 0.2 0.4
1910s 1.4 0.0 0.9 0.0 -1.8 0.9 1.1
1920s 2.3 0.0 1.8 0.0 -4.2 1.6 1.8
1930s 1.6 0.0 2.4 0.0 -7.3 2.4 2.3
1940s 0.2 0.1 3.5 0.3 -9.2 3.2 3.3
1950s 3.3 0.1 5.3 0.5 -12.9 3.8 4.7
1960s -9.2 0.0 5.6 0.7 -14.6 4.5 5.9
1970s 18.4 -0.8 11.0 2.3 -26.3 11.3 7.6
1980s -1.8 -1.2 9.2 2.2 -24.9 10.7 8.5
1990s 10.0 -1.3 10.3 2.5 -31.9 13.6 10.9
2000s 10.6 -1.7 8.7 2.7 -34.0 14.1 12.2
2010-2015 11.3 -1.3 7.4 2.6 -32.2 13.2 8.9
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Heavy precipitation largely increased N export
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Century-long Carbon Export from land to

the Chesapeake Bay
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Riverine carbon budget in Chesapeake Bay

watershed (1900s, 1960s and 2000s)

a Chesapeake Bay Watershed

CO, degassing

1900s: 804.0 + 143.9
1960s: 565.8 * 111.5
2000s: 769.7 £ 242.4

\
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Total carbon export

1900s: 1005.1 £ 215.9
1960s: 750.8 £ 143.0
2000s: 1173.6 £ 426.2

Carbon burial

1900s: 100.2 + 38.1
1960s: 94.6 * 16.7
2000s: 97.5 £ 22.3

Discharge unit: 10° m3-yr-1

Carbon fluxes unit: Gg C-yr™ (Modified from Yao et al. 2021)
Carbon pool unit: Gg C




Relative contribution of environmental factors
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River CO, emissions are strongly associated

with DOC and DIC loading
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The 15t order stream released most of the CO,

CO, outgassing
High-order streams Headwater streams
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Heavy precipitation largely increased C export
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Major conclusion (nitrogen fluxes)

 Nitrogen loading from Chesapeake Bay Watershed continually
Increased from the 1900s to the 1990s and has declined since then.

« Key contributors to total N export have changed over the past
]ger%tf[ry from atmospheric N deposition to synthetic nitrogen
ertilizer.

 Climate variability resulted in substantially interannual variation
In N Ioad_ln% Extreme precipitation events can lead to large
Increase in C export.

» More effective management of terrestrial non-point sources is
required to achieve water quality goals.
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Major conclusion (carbon fluxes)

 Over the past century, climate variability explains most of
interannual and intefdecadal variations in riverine carbon
export to the Chesapeake Bay.

« Extreme precipitation events can lead to large increase in C
export.

* Land conversion from cropland to forest decreased carbon
export to the Chesapeake Bay.

* DIC and DOC loading and export are strongly associated
with terrestrial processes such as soil respiration.
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Implications and research needs

* A wetter and warmer world would likely increase both C and N
exports from land to the Chesapeake Bay.

* More frequent hurricane events may lead to large Cand N
export to the Bay,

* From both scientific and policy perspectives, it’s of critical
importance to improving our ability in predicting extreme
climate events and their impacts.

* Process-based modeling approach is essential for predicting
climate change impacts as well as multiple stressors' effects.

* Climate prediction needs to address management needs for
climate information at fine spatial and temporal scales.
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