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/ABSTRACT N

Urban areas comprise about 3% of global land area, but contain over 50% of the world's population and are responsible for 70% of fossil fuel emissions™2. Studies documenting urban carbon fluxes are numerous; however, few of
these studies focus on biogenic fluxes which can play an important role in the urban carbon cycle34. Additionally, studies focusing on urban nitrogen deposition often investigate deposition along an urban-to-rural gradient while little is
known about within-urban variability of atmospheric nitrogen inputs®®. During the growing season of 2014, we carried out a field study to quantify rates of soil respiration and nitrogen deposition across the Boston, MA urban area. We
selected 15 sites across a gradient of urbanness within the Boston urban area. At each site we measured soil respiration biweekly within each of the dominant cover types (landscaped, lawn and/or forest), and measured nitrogen
deposition throughout the growing season. Internal nitrogen cycling, nitrogen leaching, soil organic matter, pH, soil bulk density, and soil C:N ratio were also measured at each site. Results show that solil respiration rates are highest in
urban landscaped environments and lowest in urban forests, and that these rates vary increase with increasing litter mass, depth, and soil organic matter. Rates of nitrogen deposition vary widely within the urban area and can be
partially explained by degree of urbanness and seasonal effects. This work is important for building budgets of biogenic carbon fluxes and atmospheric nitrogen inputs across urban areas located in temperate biomes.
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Background and Introduction Results: Soil Respiration Discussion
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As the world’s urban population is projected to approach 70% by the year N Y CO, liter litter litter Organic Bulk . » Soil respiration differs significantly across cover type. Mean CO
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2050" and urban land cover triples by 20307, the impetus to understand the ° Lawn flux over the growing season is highest in landscaped areas,
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contribution of urban areas to global biogeochemical cycles has never been = - - 2 cofux| followed by lawns, and lowest in forests.
stronger. Cycles of carbon and nitrogen in urban areas have generally been |- June litter| gsg | 1.00 « Soil variables, such as soil organic matter and litter depth, have a
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studied from an eddy covariance or urban-to-rural gradient perspective, but | € ' } - stronger control over soil fluxes than degree of urbanness.
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strictly urban studies that investigate within-urban variability are limited. 2 o |/l | o litterdeptn| ot | %% | 1 » Urban forest fluxes (2.62 + 0.15 ymol CO, m2-"sec ") in Boston are
During the growing season of 2014, we measured rates of solil respiration E ? . ' o 199 0.40 | 0.86 | 0.83 | 1.00 comparable to mean forest fluxes from a rural reference area
and nitrogen deposition across 15 sites in the Boston, MA urban area in S TR R el . -~ % So outside of Boston (1.70 £ 0.02 pmol CO, m?-1sec )s.
order to quantify these fluxes and attempt to identify the drivers of variability N IR B A Pl e R M » Inorganic nitrogen deposition varies greatly across the Boston urban
within them. Study sites were located across a gradient of urbanness within i R SoilBuk| 929|027 -0.16 | -0.42| -074 | 1.00 area, from 4.9 to 17.2 kg N ha-' yr'. The mean across the study
15 km of the Boston urban core and comprised three land cover types: ° 1 | | | | | e o ‘ area is 10.4 +/- 0.87 kg N ha' yr', while the National Atmospheric
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lawn, landscaping, and forest. 150 200 250 800 £ § 3§ Fraction Deposition Program regional mean is around 3.3 kg N ha™' yr.
e = NaRe R g TS NUCRT ey | ¢ DOY - ‘g i * The pattern of increasing atmospheric nitrogen deposition with
5 iIncreasing impervious surface area fraction is only significant across
Fig 4. (Left) Time series of mean respiration fluxes at each Tab 1. Correlation matrix for mean soil CO, flux and the urban-to-rural gradlent and not within the urban area.
measurement time point over the growing season. (Right) Mean selected variables. “ISA fraction” is “Impervious Surface . Degree of urbanness affects inputs of atmOSpheriC nitrate, which is
flux by cover type. Area Fraction.” Values shown are R values for T o o _
correlations between variables listed. significantly positively correalted with impervious surface area (R? =

0.28, p= 0.02) and traffic density at 1km x proximity to urban core
and distance to highway (R? = 0.42, p= 0.03).

* Atmospheric ammonium inputs are higher in the spring as
compared to later in the growing season, likely due to urban fertilizer
application.

Results: Nitrogen Deposition
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Next Steps

* Build a soll respiration budget for the city of Boston.

* |nvestigate internal soil nitrogen cycling and nitrogen leaching to
determine the fate of excess urban atmospheric nitrogen inputs.

« Compare nitrogen throughfall estimates to bulk nitrogen deposition
measurements in the urban area. Also, compare collection
methods used by the NADP to the mixed anion-cation exchange
resin method used in this study.

Fig 1. Study sites in Watertown, MA (left) and Brookline, MA (right). Sites were deployed in early May in
protected yards beneath a hardwood canopy. Gray PVC columns house resin-filled chromatography columns for
measuring nitrogen deposition. White PVC collars in the soil function as semi-permanent chambers for
measuring soil respiration. The datalogger, mounted to gray PVC, is connected to a soil moisture probe.

Methods

Soil respiration was measured bi-monthly during the
growing season using an automated soil CO, flux system

(LiICor-8100A infrared gas analyzer, LiCor Inc., Lincoln,
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gradient but insignificant within the city with higher ISA values. [C — Bottom left] Ammonium deposition by sampling period indicates

temperature and soil moisture were also measured at the it aii e
. ~ T ST E high ium deposition in the spring. . .
time of flux measurements. Fig 2. Soil et Ammonitm SEposTion e SPHnS Special thanks to Jackie Getson, Savan Shah,

respiration PVC T — Rebecca Sanders-Demott, Lindsey Crockett,
collar <, | _
| 3 | T 10— — & o Taylor Barrow and Tori Dearborn.
Nitrogen deposition was measured continuously over the o E2= (()).gd{ , B = 8 %5 . = ¥ o ° C
: : oy = V. y P = © —
growing season using the throughfall deposition method, < & - T c Q] — References
: : : : \¢ ® il Z !
by which chromatography columns filled with mixed = v _ L - 2 4 ! : 1 United Nations. (2014). United Nations World Urbanization Prospects. 2 IEA (2012) World Energy Outlook 2012,
anion-cation exchange resin were affixed to funnels Z Ll j/ c N : : O Paris: International Energy Agency (IEA). 3 Gorka, M et al. (2013). One-year spatial and temporal monitoring of
g QL o B g — concentration and carbon isotopic composition of atmospheric CO2 in a Wroctaw (SW Poland) city area. Applied
placed atop 2 m PVC columns. Three columns were % — 7)) o _ — | | Geochemistry 35. 4 Pataki, D. E.., et al. (_2003).. Seasonal cycle of carbon dio_xide and its isotopic composition in an
_ o 1 8_ . urban atmosphere: Anthropogenic and biogenic effects. Journal of Geophysical Research, 108(D23). 5 Rao, P., et
placed below hardwood canopy at each site (N=45 O O — - L1 E ) — al. (2014). Atmospheric nitrogen inputs and losses along an urbanization gradient from Boston to Harvard Forest,
Columns) and collected every six weeks for extraction £ I I I I -czr O — | I I MA. Biogeochemistry, 121(1). 6 Lovett, G. M., et al. (2000). Atmospheric Deposition to Oak Forests along an Urban
© T - Rural Gradient. Environmental Science & Technology, 34(20.) 7 Seto, K. C. et al. (2012). Global forecasts of
: : : : L3 o 0.0 0.2 0.4 0.6 Z May 5-Jun 25 Jun 25-Aug5 Aug 5-Sep 15 urban expansion to 2030 and direct impacts on biodiversity and carbon pools. Proceedings of the National Academy
with KCI and anaIySIS USIHQ the mlcroplate reader. : 3 = _ o _ _ of Sciences of the United States of America, 109(40). 8 Giasson, M.-A., et al. (2013). Soil respiration in a
Fig 3. Nitrogen ISA fraction at 1 km Sampling Period northeastern US temperate forest : a 22-year synthesis. Ecosphere, 4(11).

deposition column



