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OVERVIEW

Original Scenario
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* An initial city model is created using land ¢ The user interactively edits the city model

Contributions:

1. A system to dynamically integrate
urban land use planning and high
impact/extreme weather mitigation
into a unified framework that enables
stakeholders to explore the effects of
adopting different urban land use and
weather/climate assessments.

2. A method to generate 3D city models
from land-use, population, and
terrain elevation data, and to
interactively edit the city model
assisted by an integrated urban
simulation system.

3. Aset of algorithms to compute the
urban morphology parameters
necessary for regional weather
simulation and visualization.

v

Modeling Urban Weather

e Based on the canyon model, we adapt and extend the
Town Energy Budget (TEB) scheme of Masson [2] to
simulate the surface energy fluxes into the atmosphere at
the surface of a mesoscale atmospheric model covered by
buildings, roads, and other artificial material.
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Building separation

e The fluxes estimated from TEB are combined with those of
other surrounding land types (e.g., vegetation, water
bodies, etc.) using the LEAF2 land-surface model [4] and
then spatially averaged into a single atmospheric model

* The overall atmospheric simulation system we use is the
Regional Atmospheric Modeling System or RAMS ver 4.3
[1]. RAMS is a well-tested multiscale environmental
modeling system that has been applied for a wide range of
problems.

grid in proportion to the space occupied by each land type.

use land cover (LULC) data, population using high-level editing tools (e.g., Provide LULC, Population,
data and terrain elevation data. greening, introducing parks in the urban Terrain Data
e Our system computes urban morphology landscape, altering roof albedos, etc.). ,I,
parameter value§ suitable for the urban ¢ New urban morphology parameter values 3D Model
weather simulation. are computed and the cycle repeats Calculate Urban |
* The resulting simulation values and city enabling the exploration and visualization Morphology+LULC Ed
model are visualized by the user (3D of new city designs and the resulting urban | ' Vicualize
renderings, choroplethic maps, etc.). weather. Simulation | =——>
APPROACH

Modeling Urban Geometry and Morphology
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* From a set of input layers (LULC, population, and terrain)
we generate a plausible 3D city model that is qualitatively
similar to the actual city. This process is based on [3].

* The following urban morphology parameter values are
automatically computed from the 3D model of the city
and used by the urban weather simulation

 Average building height

Urban fabric covered by buildings
Canyon aspect ratio
Roughness and displacement length

Albedo

RESULTS

We demonstrate our visualization application system over a 1600
km2 area centered on Indianapolis, IN. We compare the results
of a control scenario and various “what-if” greening scenarios
with the objective of visualizing and understanding how to
mitigate the local climate to different configurations.

Urban Scenario Temperature Relative Humidity Rainfall
-20mm 0 +20mm
NW greening
NE greening
SE greening
Relative Humidity /85 Rainfall
| | —T -
-5% o % -20mm
Ring greening
Distributed greening

We explore several altered urban scenarios of the region
surrounding Indianapolis, IN. In our examples and during the
simulation time frame, the surrounding regional weather (e.g.,
from state and country level meteorological phenomena) is
producing southwest winds over Indianapolis. Also, in general
green areas have lower temperatures and higher humidity as
compared to dense urban areas, but the weather resulting from
large green areas can affect other parts in the city as well as in
the surrounding non-urban areas. We present several exemplary
results of using our system to help decision makers visually
explore the effect of adopting different urban policies.
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