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Abstract

Metropolitan land cover has been found to significantly impact regional weather and climate. In this study, we
use the community mesoscale Weather Research and Forecasting (WRF) model and an urbanized version of the
WRF (UWRF) model to investigate impacts of New York metropolitan land cover on regional precipitation. A storm
case, with heavy precipitation, moving from west to east of New York City, in September 2010 was chosen for a
testbed. We found that the total accumulated precipitation from both the WRF and uWRF models shows much
enhanced precipitation on the periphery of New York City and Long Island suburbs due to the presence of the
cities, in comparison with a simulation by replacing New York metropolitan area with deciduous broadleaf forest.
The modeled results concur with early findings from radar observations in terms of urban-induced precipitation
bifurcation. Impacts of the replacement of the metropolitan land cover on thermodynamic properties are
investigated, including land surface latent and sensible heat fluxes, convective available potential energy, and
moist enthalpy. Findings from this study suggest that the urban building barrier effect is probably the major cause
for the precipitation bifurcation found in this study.

1. Introduction

Many studies have shown that metropolitan land cover significantly impacts regional precipitation-3. Such
impacts include: 1) modification of airflow pathway of moving convective thunderstorms due to the urban barrier
effect; 2) enhancement of moist convergence and convective processes due to the urban heat island effect and
elevated roughness or friction of urban area, to trigger the initiation of convective storms; and 3) higher urban
aerosol concentration essential for the enhancement of cloud formation. However, our understanding of impacts
of metropolitan land cover on regional precipitation remains incomplete. The recent literature review? pointed out
that larger urban surface roughness is not likely to play a major role in urban induced precipitation, and urban-
modified precipitating systems can either increase or decrease precipitation over and downwind of cities. Such
findings suggest a need of advancing in-depth understanding of urban impacts on regional precipitation. In this
study, we aim to use the state-of-art WRF and uWRF regional models to test sensitivities of regional precipitation
to New York metropolitan land cover.

2. Methodology

The Advanced Research WRF’s version 3.5.14, and an urbanized version of the WRF (UWRF)>-¢ were used for
this study. Three nested model domains were devised for the WRF experiments with two-way communication.
Outer domain (d01: 1071 km x 1071 km) was run at a horizontal grid increment of 9 km. The first nested domain
(d02: 360 km x 360 km) was run at 3 km horizontal grid increment. The second nested inner domain (d03: 90 km
x 90 km) was run at a 1 km horizontal grid increment. Modeled results from the inner domain (d03) were used for
New York City (NYC) analyses, while those from the first nested domain (d02) were used for analyses over Long
Island (LI) suburbs including Nassau (western) and Suffolk (eastern) Counties. All the three model domains are
centered at the Manhattan — the center of NYC. We use the North American Regional Reanalysis (NARR)” data
as initial and boundary conditions to drive the models. A storm case, with heavy precipitation, moving from the
west to the east of NYC from September 16 to 17, 2010, was chosen for a testbed.

Model configuration was made using physics parameterizations favor to mesoscale convective precipitation
study. The schemes used include the WRF Single-Moment 6-class microphysics scheme?, the Kain-Fritsch
cumulus scheme?, the BouLac planetary-boundary-layer parameterization scheme??, the Rapid Radiative Transfer
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scheme!! for longwave radiation calculation, the Dudhia scheme?!? for shortwave radiation calculation, and the
Noah land surface model*3. The cumulus parameterization was turned off for the finest resolution domain (d03),
since at 1 km resolution the WRF model is able to resolve convective processes explicitly. Model spinup time is
24 hours. No observational nudging was used in any of the simulations.

Three model runs were conducted to test sensitivities of precipitation distributions over NYC and its downwind
LI suburbs to New York metropolitan land cover. The first run is a WRF control run, using the Moderate Resolution
Imaging Spectroradiometer derived 20-class land use classification. The second run is a WRF forest run, by
replacing New York metropolitan land cover with the deciduous broadleaf class - the most common class in New
York metropolitan neighboring areas. To accommodate the land cover change, we employed the NARR derived
soil moisture at the four soil levels (i.e. 0-10 cm, 10-40 cm, 40-100 cm, 100-200 cm) that equals the value of the
closest deciduous broadleaf forest grid points. The third run is a high-resolution uUWRF run, using the uWRF model
with more specified treatments of urban land cover, such as the Building Environment Parameterization with the
Building Energy Model*415 and the National Urban Database and Access Portal Tool data®.

3. Results and Discussions

The spatial distributions of modeled precipitation over NYC and over its downwind LI suburbs were first
examined. We found that the total accumulated precipitation from the models exhibits a bifurcation phenomenon
due to the presence of the cities, that is, much enhanced precipitation on the periphery of NYC and LI suburbs, in
comparison with a simulation by replacing New York metropolitan land cover with deciduous broadleaf forest.
Figure 1 shows an example about the total precipitation difference (i.e., the Control run minus the Forest run). The
precipitation bifurcation phenomenon could be formed from a combined effect of: 1) the enhancement of land
surface moisture availability due to the replacement of New York metropolitan land cover with deciduous broadleaf
forest, which has a potential to influence precipitation formation; 2) the urban building barrier effect!’, which blocks
the moist airflow from the ocean induced by a mesoscale circulation to impact precipitation formation.
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Figure 3: Differences in total accumulated precipitation (the Control run minus the Forest run).

By comparing modeled precipitation with the NARR data and surface-based observations (i.e., the Cooperative
Observer Network stations), we found that the models had a significant (6-hour) delay in simulating the arrival
timings of the storm to NYC, and tended to underpredict the observed total accumulated precipitation over NYC
(not shown).

For seeking thermodynamic understanding of the modeled precipitation, we analyzed changes in land surface
latent and sensible heat fluxes, convective available potential energy, and moist enthalpy. Results show that the
replacement of the New York metropolitan land cover with deciduous broadleaf forest significantly increases land
surface latent heat flux and decreases land surface sensible heat flux (not shown). However, the combined effect
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shows almost no change in the resulting convective available potential energy and moist enthalpy before and after
the replacement of the New York metropolitan land cover (not shown).

Further analyses show that the eastward moving storm system was mainly driven by a mesoscale circulation
with a strong westerly wind component from the west of NYC, and the heavy precipitation was formed at the
confluence zone of a strong southwesterly wind from the west of NYC and a strong southerly wind from the south
of NYC and LI (not shown). Thus, the urban building barrier effect, which blocked the moist airflow from the ocean
(i.e., the south of NYC and LI), probably played a key role in shaping the precipitation distributions.

4. Summary

We use the state-of-art WRF and uWRF regional models to investigate sensitivities of NYC’s and LI suburbs’
precipitation distributions to New York metropolitan land cover. We found that New York metropolitan land cover
induced precipitation bifurcation phenomenon, due probably to the urban building barrier effect for this specific
case tested. Findings from this study confirm urban induced precipitation bifurcation phenomenon over NYC as
found in a previous study based on radar observations!?. Our analyses show the importance of the urban building
barrier effect in influencing regional precipitation. This study illustrates the complexity of the nature of urban-
precipitation interactions, and reveals current state-of-art regional models’ capability in simulating precipitation
over this urban coastal region.
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