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Latin America and the Caribbean have had a preco-
cious and rapid transition in comparison to other less
developed regions.18 In 2005, 77 per cent of the region’s
population was defined as urban, and a higher percentage
of its population than Europe’s lived in cities of more
than 20,000 inhabitants. The Latin American urban 
transition took place in spite of many explicit anti-urban
policies. On the whole, the urban transition has been 
positive for development. A proactive stance to inevitable
urban growth would have minimized many of its negative
consequences, particularly the formation of slums and 
the lack of urban services for the poor. 

The Arab States of Western Asia range from very
high to low urbanization levels, with most in an inter-
mediate stage.19 Urban centres dominate the economies
of most of these countries, and rural-urban migration is
still strong in several of them. Coupled with natural
increase (that is, more births than deaths), this generates
some high rates of urban growth. Government policies
are generally hostile to migration, which helps to limit
the supply of housing for the urban poor, who often
find themselves in informal settlements.20 As elsewhere,
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failure to plan ahead for urban growth increases density
and slum formation in these neighbourhoods.

Asia and Africa are undoubtedly the biggest story,
because of their large populations and their prospects for
huge urban growth. In 2005, Asia had an urbanization
level of 40 per cent, and Africa, 38 per cent. In spite of
political opposition to urbanization in many countries,
rates of urban growth are expected to remain relatively
high over the next 25 years, with marked increases 
in the urban population of both continents and of 
the world.

Despite being the least urbanized region in the 
world, sub-Saharan Africa has an urban population 
that is already as big as North America’s.2 1 The pace of
urban growth has tapered off recently, reflecting slower
economic growth and rates of natural population increase,
as well as some return migration to the countryside. Still,
the region is expected to sustain the highest rate of urban
growth in the world for several decades, with underlying
rates of natural increase playing an important role. 

Certain features of migration and urbanization in 
sub-Saharan Africa are unique, for example, predominance
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Source: United Nations. 2006. World Urbanization Prospects: The 2005 Revision, Table A.2. New York: 
Population Division, Department of Economic and Social Affairs, United Nations. 
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Figure 3: Percentage of Population at Mid-year Residing in Urban Areas, by Region, 1950-2030

both aspects. The good news is that necessary actions are,
in principle, easier in smaller cities. For instance, they
tend to have more flexibility in terms of territorial 
expansion, attracting investment and decision-making. 

The bad news is that smaller cities generally have
more unaddressed problems and fewer human, financial
and technical resources at their disposal. Smaller cities—
especially those under 100,000 inhabitants—are notably
underserved in housing, transportation, piped water,
waste disposal and other services. In many cases, poor
urban people are no better off than poor rural people.
The situation is particularly grave for women, who bear 
a disproportionate burden of providing the household’s
water, sanitation, fuel and waste management needs.1 4

Smaller cities may benefit from the worldwide trend
towards political and administrative decentralization,
under which national governments are devolving some
of their powers and revenue-raising authority to local
governments. Theoretically, this opens up new opportu-
nities for each local government to display its unique
advantages, attracting investment and economic
activity.15 Globalization, which increasingly decides

where economic growth will occur, may encourage this
process because there is less need to concentrate certain
economic activities.16

Many smaller cities cannot yet take advantage of decen-
tralized government; but with improved governance, better
information and more effective use of resources, combined
with the inherent flexibility of smaller cities, decentraliza-
tion could improve local authorities’ capacity to respond to
the challenge of urban growth. The local level also provides
greater opportunity for the active participation of women
in the decision-making process. This could improve
accountability and delivery of essential services.17

Different Speeds, Different Policies 
The timing and rhythm of urbanization vary considerably
among less developed regions (see Figure 3). General
trends mask wide local variations by country and by city.
This Report comments only on a few salient features. 

Case studies in different regions and countries reveal
that policymakers have usually been loath to accept urban
growth and that many have attempted to avoid it by
reducing rural-urban migration.
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Source: United Nations. 2006. World Urbanization Prospects: The 2005 Revision, Table A.17. New York: 
Population Division, Department of Economic and Social Affairs, United Nations. 
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Figure 2: Urban Population, by Size Class of Settlement, World, 1975-2015
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Replacement of vegetation with urban areas à urban heat island (UHI) 
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BROAD RESEARCH QUESTIONS 

1.  How does the change in land use/ land cover of a city affect the 
pre-storm environment? 

2.  Do cities affect the storm? 

3.  How does changing a city’s location relative to the path and storm 
life cycle change that affect? 

4.  How do these affects change with cities of different size/shape? 

5.  What results in the most change, dynamic or thermodynamic effects? 



PART 1: MODELING AN URBAN AREA 
Main question: How should great plains cities be represented in the WRF? 



WEATHER RESEARCH AND FORECASTING MODEL (WRF) 

• Community mesoscale numerical weather prediction model 

•  Easily scaled for large problems, large systems 

•  Fully compressible , non-hydrostatic 

•  Parameterized: 
•  Short and long-wave radiation 
•  Surface and sub-surface heat and moisture fluxes based on surface properties 
•  Turbulence in the atmospheric boundary  
•  Cloud microphysical properties (i.e. rain, snow, hail, etc.) 



PARAMETERIZATION OF URBAN AREAS 

Noah land surface model 
Urban canopy model 



MODEL SETUP 

•  2010 May 01 0000 UTC – May 08 0000 UTC 

•  ICs and BCs  provided by RUC  

•  Parameterizations: 

•  NASA Goddard SW / LW 

•  Noah LSM + SLUCM (in SLUCM1 & SLUCM2) 

•  MM5 Surface Layer 

•  YSU PBL 

•  NSSL Microphysics 

•  Domains: 

•  d01: 300 x 300 x 120; 4500 m horiz. Grid; 6 s time step 

•  d02 : 400 x 400 x 120; 1500 m horiz. grid; 2 s time step 

•  d03 : 399 x 399 x 120; 500 m horiz. grid; 2 s time step 



SIMULATIONS 

•  d01 & d02 run once  

•  d03  

•  4 final runs : CTRL, LSM, SLUCM1, and SLUCM2  

•  5-10 test runs of LSM; changed some 
parameters of urban area each time to get 
results to match observations 

Model-derived Observations 
** more accurate ** 



BLUE WATERS PERFORMANCE 

•  Each d03 run:  
•  302,400 time steps 

•  > 19 million grid points 

•  15 nodes, 32 processes each 

•  1 WRF “tile” per process (domain decomposition) 

•  Timing:  
•  ~1.44 s per time step SLUCM runs 

•  ~1.28 s per time step LSM 



RESULTS 

-0.5

0

0.5

1

1.5

2

2.5

3

∆
 T

lo
w

 (
o
C

)

Obs
LSM
SLUCM1
SLUCM2

(a)

-2

-1.5

-1

-0.5

0

0.5

1

∆
 q

lo
w

 (
g

 k
g

-1
)

(b)

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

∆
 W

S
lo

w
 (

m
 s

-1
)

(c)

0 3 6 9 12 15 18 21 0
Time (UTC)

-1

-0.5

0

0.5

1

1.5

2

2.5

3

∆
 2

-m
 T

 (
o
C

)

(d)

0 3 6 9 12 15 18 21 0
Time (UTC)

-2

-1.5

-1

-0.5

0

0.5

1

∆
 2

-m
 q

 (
g

 k
g

-1
)

(e)

0 3 6 9 12 15 18 21 0
Time (UTC)

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

∆
 1

0
-m

 W
S

 (
m

 s
-1

)

(f)

ΔT Δq ΔWS ΔT 

First model 
level 

Parameterized 
heights 



CONCLUSIONS 

•  More accurate urban data à Less-realistic nocturnal UHI in SLUCM 

•  Too-high SLUCM winds 

•  So: Use LSM for supercell runs 



PART II: SUPERCELL RUNS 
Main question: How does city location relative to storm location and life cycle change storm strength 

and morphology? 

 



MODEL SETUP 

•  2013 May 31 0600 UTC – June 01 0300 UTC 

•  ICs and BCs  provided by RAP  

•  Parameterizations: 

•  NASA Goddard SW / LW 

•  Noah LSM  

•  MM5 Surface Layer 

•  YSU PBL 

•  NSSL Microphysics 

•  Domains: 

•  d01: 300 x 300 x 120; 4500 m horiz. Grid; 6 s time step 

•  d02 : 400 x 400 x 120; 1500 m horiz. grid; 2 s time step 

•  d03 : 498 x 498 x 120; 500 m horiz. grid; 1 s time step 



SIMULATION DESIGN 

•  9 x 12 matrix of city (DFW) 
locations (108) 

•  Each run: 498 x 498 x 120: ~30 
million points, 1 s time step 

•  Same as before: 15 nodes, 32 
processes each 

•  Performance: 
•  Average Δt : 2.18s 
•  Larger domain 
•  ~1.3s beginning run  
•  more microphysics = more time 



PRELIMINARY RESULTS 
𝑈𝐻= ∫2𝑘𝑚↑2𝑘𝑚▒𝜁(𝑧)𝑤(𝑧)𝑑𝑧  



WHAT’S NEXT? 

•  Try different cities, real and idealized 

•  Factor separation – heat island or surface roughness? 
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