Pork or Beef Snow?

NWS Dodge City Area (January 2011)
documented localized “downwind” snow
attributed to Animal Slaughter Houses and
Power Plants (Shepherd and Mote 2011,
Earthzine)
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Urbanization and Hydroclimate

Increased heavy rain events (Bates et al. 2008,
IPCC 2007, Groisman et al. 2004)

Shepherd et al. (2011) and Burian et al. (2004a)
discussed the implications of urban-induced
precipitation on the design of urban drainage
systems.

Current NASA IDS RFP is Urban Focused

PI Shepherd recently on National Academies
Study on Urban Meteorology

Voters live in Cities. They notice urban rainfall
extremes and floods. Majority of people now
live in cities (80% by 2025)

Where is Precipitation
below?

Typical water cycle in an undeveloped area

40% evapotranspiration

10% runoff

25% shallow infiltration « ‘

25% deep infiltration

Typical water cycle in an urban area

30% evapotranspiration

55% runoff

10% shallow infiltration <: | J

5% deep infiltration
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Storms Being Initiated By Atlanta

NEXRAD LEVEL-1I

KFFC - ATLANTA, GA
05/27/2010 19:03:03 GMT
LAT: 33/21/49 N

LON: 84/33/56 W

ELEV: 860 FT

VCP: 21

REFLECTIVITY
ELEV ANGLE: 0.48

Legend: dBZ (Category)
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‘Urban Effects on Precipitation: Global Not Isolated

China: Jin, Shepherd, and King 2005, Jin and
Shepherd 2009, Meng et al. 2007, Kaufmann
et al. 2007, Zhang et al. 2007, Guo et al. 2006,
_ lin and Shepherd 2008, Zhang et al. 2008,
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1. Leveraging the lengthening satellite precipitation record

450 —

o What are relative contributions of
topographical, meteorological
geographical, and anthropogenic activities
influence the relative roles of urban land
cover and aerosols on precipitation
processes

a0 —{ Rain-Rate Probability Distribution by TRMM-PR

X Normalized histogram of TRMM PR rain
300 b rates for urban and non-urban grids in

E India based on ten monsoon seasons
250 — (1998-2007).

Number of Rain Events (Total Normalized to 1000)

D What highly urbanized geographic regions 05 15 25 35 45 55 85 7.5 85 95 105115125135 145

1-Deg Average Rain Rate by PR (mm/)
are more likely to exhibit an urban
signature in spatio-temporal precipitation
variability?

Change in Jun-Aug Precipitation 1951 - 2006

o Can we develop conceptual models or
“rules of thumb” to depict favorable
conditions for urban land cover, aerosols,
or their combination to initiate or modify
precipitation?

! it

Map data Sources: USGS, FAO, NPS, EPA, ESRI, DeLorme, TANA, other suppliers TheNature W
Data Source: PRISM Group, Oregon State University, created 4 Feb 2007.The PRISM Group retains rights to onservancy N
ownership of the data and il i ¥ prism. edu/

Protectng nature. Preservag ife”




Towards a Conceptualization of the Urban Precipitation Effect

- Calm Conditions Convergence

Lateral/Downwind

Upwind Divergence convergence

Convergence

After Formation

Urban Morphology and Size Significant to Spatio-

Precip Maximum over Urban
Center

Precip Minimum over City

Lateral and Downwind Precip
Maximum

Maximum Precip all advected
to downwind urban edge

Temporal Patterns of Convergence and Heating Aerosols Impact Precipitation Efficiency (x,y,t) and

Other cross-cutting factors to consider:

Bifurcation-thermodynamic dome or physical barrier dome?
How does urban moisture content (lack thereof) and heat island affect local storm dynamics?

Seasonality?
Diurnal effects?
Topography?

Shepherd, Bornstein,and Grimmond, unpublished
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2. Investigating urban land cover-aerosols feedbacks and their

role in precipitation formation at convective to regional scales

0 What role do urban morphological parameters,
aerosol, and vegetation and moisture play in
precipitation formation, budgets and efficiency?

0 Can a coupled modeling system with proper
characterization of land cover, aerosols, irrigation, and

urban canopy simulate such recycling processes?

o How do such processes scale to affect regional climate,

large urban aggregations, or future urban growth

scenarios? (Shepherd et al 2010) "
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Simulation of Urban-Nor’westor
Interactions in Kolkta, India

RAINNCurb_nourb_13Z

RAINNC - RAINNC (mm)
] IEE———— | <
5.0 3.1 <11 0.8 28 .7
Data Min = -5.0, Max = 47

Difference plot of urban minus no-urban

scenario: Total accumulated rainfall (mm)
on 16th April 2003 at18.30 LST

Mitra et al. (2011), Mitra and
Shepherd (2011)

Time series (cross section) of RAINNC

Total Accumulated Rainfall (mm)

Time Series (Cross Section)

14
12
10

(== N S =2 e -

5 O O NA DO O NA SO b
PN LA S e S SR AR P

X-Y Cordinates

—Urban

——Nourhan

The Univcrsﬂir of Georgja




Minneapolis enhancing a convective storm

BASE REFLECTIVITY

KMPYX - MINNEAPOLIS, MN
06/05/1999 20:27:12 GMT
LAT: 44/50/56 N

LON: 93/33/53 W

ELEY: 1059.0 FT
MODEJYCP: & [ 11

ELEY AMNGLE: 0,50 ©
MAX: 56 dBZ

Legend: (Categony) dBZ
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Niyogi et al. (JAMC, 2011) similar findings for Indianapolis



Impacts Urban Morphology on weather models

Urban WRF difference field in
vertical velocity for a control run
vs enhanced urban

morphological parameters for
Houston

Clearly indicates that there is a
different dynamic response
which suggests that simulations
must represent 3-D Urban
Environment (Carter, Shepherd,

Burian, and Jeyachandran, 2011,
Jtech-A)

I
c

o
-~ ®

s
: :
: : : i : ]
(T T T T T T L i e ——
-IalllLrLlJonn"'SS i

The Univcrslig/ of Georgja




3. Urban effects on frozen precipitation processes and

snowfall retrieval

o How do urban aerosols and urban
heat islands affect snowfall/ i)
precipitation formation and melt?

Hutchinson

o How do urban aerosols and
impervious surface affect snowmelt
and snowcover on the ground’ and Winter (Dec-Feb) Precipitation Trends

.. . . (1951-2006) for Minneapolis
are their implications for snowfall
retrieval in the GPM era?

o Can coupled land surface model
and atmosphere model well

Single band of heavy
snow develops where

simulate urban effects on snowfall/ e o

snowmelt and where might they be @
d Eﬁ C | e nt TheUnivers!iyt’}SI of Georgia




Urban Snow Cover and Melting: Implications for

GPM Snow Retrieval (Shepherd and Mote 2011)

January 21, 2011

2 am Infrared Satellite 8
(Observations overlaid)
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4. Coupling urban rainfall effects with hydrological processes

0 What is the uncertainty of satellite-based rainfall data in
urban areas compared to adjacent non-urban areas and

how does it translate to uncertainty of global flood
simulation results?

0 What is the most computational efficient and accurate
method(s) to incorporate urbanization effects and TRMM-
GPM era rainfall estimates into global hydrology and flood
models?

0 What are the urbanization effects on water cycle at the
river basin scale for global assessment of urbanization and
how do we properly quantify them? @
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Recent Extreme Urban Flooding

Thallasd

2011 Thailand/
Bangkok Floods

Bankk

TRMM TMPA—RT Daily 12Sep2009-23Sep2009

Accumulated Rainfall |mm
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‘ Regional Scale Modeling
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Regional Scale Hydrologic Modeling

m 4 Case Study Areas — International
m Australia

o Bremer River Basin (2011 Floods)
m India

o Ganga Basin (2007 Floods)

a Krishna Basin (2009 Floods)

m USA
a Texas (Tropical Storm Allison, 2001)

m
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Australia- 2011 Floods

m Bremer River Basin
o Ipswich, suburb of Brisbane

o More than 1100 people affected, significant
building damage (Source: Courier Mail, Wikipedia)

m Event Reconstruction Exercise
0 Using TRMM 3B-42 Satellite Product
o Built HEC-HMS model with gridded precipitation
a Calibration & Validation —to be done

a Preliminary Results

f
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‘ Thanks !

o Urbanization: The
“Other Climate
Change”

THE MAP ROOW

An Overview of Synoptic and Mesoscale Factors
Contributing to the Disastrous Atlanta Flood of 2009

&y Masssaw Sweprerp, Thomas More, Jorv Down, Mixe Rooen,
Parera Knox, Steven C. McCuroseon, anp Steven E. Newson

ecent Iiterature suggests that damage, loss of

R Iife, and costs from flooding have risen in recent
decades (Ashley and Ashley 2008; Brissette et al.
2003). Ina 2009 Journal of Climate article, Seager et al.
noted that regions of the southeastern United States
face Increasing vulnerability to hydroclimatic ex-
tremes because of population growth and increasing
population density. In 2008, a majority of the popula-
tion ltved 1n urban areas, and by 2030 this number ts
expected to reach 81%. The unsustainable, modified
water cycle will atfect the ecosystem, Infrastructure,
and socletal activities, thereby requiring revolution-
ary designs, management, and polictes. Burlan and
Shepherd (2005) and Reynolds et al. (2008) represent
a sample of recent Iiterature that has reconsidered
1mplications of precipitation on urban drainage and
hydrological processes.
In September 2009, the metropolitan area of
Atlanta and surrounding areas in northern Georgla
rtx inundated
major transportation artertes, closed several major
school systems, submerged the popular Six Flags
theme park, and contributed to at least 10 deaths
as of October 2009 (Fig. 1). The United States Geo-
logtcal Survey (USGS) measured the largest flow ever
recorded on Sweetwater Creek near Austell, which
has a streamflow record dating back to August 1904.
Parts of Cobb and Douglas Countes were Inundated

AFFILIATIONS: Shapherd, Mots, Dowd, and Roden—Usiversity

Cry, Georga
CORRESPONDING AUTHOR: Dr. |. Marshall Shephard, Univer-
sty of Gaorgla, Ol
of Geography, Athens, Gaorgla 30602
E-mall: marshgeo @2 odu

DOI:10.1175/2010BAMS3003.1

to levels exceeding the estimated 500-yr flood. The
Yellow River stream gauges in Gwinnett, DeKalb, and
Rockdale Counttes measured flows that submerged
the 100-yr floodplains but fatled to reach the 200-yr
flood level, which has a 0.5% chance of occurring
1n any given year (www.usgs.gov/newsroom/ar-
ticle.2sp?ID=2316). The 100-yr flood level with a 1%
«chance of occurrence In any given year Is one of the
standards that the Federal Emergency Management
Agency (FEMA) uses to set flood Insurance rates and
prevent flood platn development. The USGS recorded
100-yr flood levels on the Chattahoochee River
at Vinings in Atlanta (Fig. 2), where stage heights

FiC. . (top) Flooding on U.S. Interstate 285 loop
around Atlanta and (bottom) Six Flags theme park.
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