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Issues

Lack of appropriate
(i.) urban planning,

(ii.) communication, &
(iii.) stormwater control

threatens quality of life,
livelihoods, and lives!

Photos of Ambos Nogales, 2008 (top), and 1908 (bottom) illustrating urban development
(Alberto Suarez Barnett private collection, http://www.municipiodenogales.org/)



Issues

Normal rainfall has the potential of realizing abnormal runoff that augments:

|. loss of life and property through flooding
Il. soil loss and watershed-capacity for revegetation
lll. nonpoint-source pollution of shared drainages, (sediment, solid waste)
IV. inflow and infiltration (1&I) into shared sewers
a. scour of sewer lines, shortening design life and return on investment
b. lost sewer-conveyance capacity
c. sanitary sewer overflows (SSOs) containing microbial/industrial
contaminants
d. operational challenges for wastewater treatment plants
V. wear and tear on upstream infrastructure:
a. roads and sewer lines flooded, clogged, destroyed, washed downstream
VI. wear-and-tear on downstream infrastructure:
a. concrete debris threatens sewer lines crossing the wash
b. erosion of concrete lining and natural banks of the Nogales Wash
c. ...and by association, the International Outfall Interceptor (I0l)

This puts public health and the environment at risk.



Sources of Sediment

Annual Soil Loss Map for the Ambos Nogales watershed (t/a/y).

The estimated potential soil lose due to erosion is 64,149 tons per year
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Norman, L. M. (2007). United States-Mexican border watershed assessment: Modeling nonpoint source pollution in
Ambos Nogales. Journal of Borderlands Studies, 22(1), 79-97. http://doi.org/10.1080/08865655.2007.9695670



Sources of Sediment
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Norman, L. M. (2007). United States-Mexican border watershed assessment: Modeling nonpoint source pollution in
Ambos Nogales. Journal of Borderlands Studies, 22(1), 79-97. http://doi.org/10.1080/08865655.2007.9695670



Sinks of Sediment

e SEDMOD calculates an SDR to be used in determining the amount of
eroded material that would be available for transport and deposition
along hillslopes and streams (Fraser 1999).

e This is multiplied by the

results of the USLE to L_fil:: e
derive: B High Sink Areas Sois
e Annual sediment o ,_
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estimated at 609 tons.

Norman, L. M. (2007). United States-Mexican border watershed assessment: Modeling nonpoint source pollution in
Ambos Nogales. Journal of Borderlands Studies, 22(1), 79-97. http://doi.org/10.1080/08865655.2007.9695670



Urban Growth
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Norman, L. M., Feller, M., & Phillip Guertin, D. (2009). Forecasting urban growth across the United States—Mexico border.
Computers, Environment and Urban Systems, 33(2), 150-159. http://doi.org/10.1016/j.compenvurbsys.2008.10.003
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Urban Growth

e A cellular automaton model

e Urban growth can be predicted on the
basis of a variety of growth rules, the
pattern of urban cells, and the
interaction of urban cells and their
surroundings (Clarke and Gaydos,
1998; USGS, 2003)

e Urban area classifications for this
watershed were used as input to the
SLEUTH (Slope, Landuse, Excluded,

Urban, Transportation, Hillshade)
urban growth model to predict land
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Norman, L. M., Feller, M., & Phillip Guertin, D. (2009). Forecasting urban growth across the United States—Mexico border.
Computers, Environment and Urban Systems, 33(2), 150-159. http://doi.org/10.1016/j.compenvurbsys.2008.10.003



SLEUTH Urban Growth Model
Predicted 27-Years Growth to 2030
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Norman, L. M., Feller, M., & Phillip Guertin, D. (2009). Forecasting urban growth across the United States—Mexico border.
Computers, Environment and Urban Systems, 33(2), 150-159. http://doi.org/10.1016/j.compenvurbsys.2008.10.003



Erosion Model +
Urban Growth

 Predicted urban
development will
Increase erosion
potential.
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Norman, L., Guertin, D., & Feller, M. (2008). A Coupled Model Approach to Reduce Nonpoint-Source Pollution Resulting from Predicted Urban
Growth: A Case Study in the Ambos Nogales Watershed. Urban Geography, 29(5), 496-516. http://doi.org/10.2747/0272-3638.29.5.496



Urban Growth + Erosion = More Sediment Yield

Predicted surface erosion and sediment yield change in the Ambos
Nogales Watershed

Delivery to Streams

Net Sediment Delivery

Total Potential Erosion
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Norman, L., Guertin, D., & Feller, M. (2008). A Coupled Model Approach to Reduce Nonpoint-Source Pollution Resulting from Predicted Urban
Growth: A Case Study in the Ambos Nogales Watershed. Urban Geography, 29(5), 496-516. http://doi.org/10.2747/0272-3638.29.5.496



Alternative Futures...

e Despite the negative environmental impacts due to
urban growth predictions, the population in this
watershed is expected to continue to grow.

e Sustainable development is an option we can
consider to accommodate the influx of humans while
preserving natural resources and quality of life.

* Scenarios were developed to embrace this and
identify areas of land suitable for development as
well as simulate erosion-control measures...

Norman, L. M., Guertin, D. P., & Feller, M. (2008). An approach to prevent nonpoint-source pollutants and support sustainable development in
the Ambos Nogales transboundary watershed. Proceedings of a USGS Workshop on Facing Tomorrow’s Challenges Along the U.S.-Mexico
Border—Monitoring, Modeling, and Forecasting Change Within the Arizona-Sonora Transboundary Watersheds. Edited by Norman, L. M., Hirsch,
D. D., & Ward, A. W, Tucson, AZ, U.S.A. Retrieved from http://pubs.usgs.gov/circ/1322/



Sustainable Development

If Urban development occurs in sustainable
development zone areas.

—=And “Hot-spot” areas get excluded from growth
and are planted with native grasses to reach at
least an 80% cover of the surface

—Then, the erosion will decrease in 2030 11,123 t/y
from 2002!!
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e Using models USLE,
SEDMOD, and SLEUTH
developed approach for
sustainable urban
development

in the

future:

— plant native
grasses in areas
identified as
high-risk “hot
spots”

— promote
development in
low-risk zones
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Norman, L. M. (2005). Modeling land use change and associate water quality impacts in the Ambos Nogales watershed, United States-Mexico
border. THE UNIVERSITY OF ARIZONA. Retrieved from http://phdtree.org/pdf/25545994-modeling-land-use-change-and-associate-water-quality-
impacts-in-the-ambos-nogales-watershed-united-states-mexico-border/



City of Green Creeks

USGS contracted by Arizona
State University (Dr. Francisco
Lara-Valencia) to help with
EPA Border 2012 grant to
assist City of Nogales, Sonora
with first “City Plan”...

CITY OF GREEN CREEKS:

Sustainable Flood Management

Iternatives for Nogales, Sonora

Lara-Valencia, Francisco and Diaz-Montemayor, Gabriel, 2010, City of Green creeks: sustainable flood management alternatives for Nogales,
Sonora http://virtual.cocef.org/Final_Reports_B2012/20044/20044_ Final_Report_EN.pdf



City of Green Creeks
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Proposes the creation of a network of

35 potential locations for a city-wide

green network.

Green infrastructure strategies provide

the city with environmentally

responsible planning and design

alternatives that can

i. reduce runoff volume,

ii. protect water resources,

iii. preserve riparian habitats, and

iv. offer the additional community
benefit of creating more
interesting places to live, work,

and play!

Lara-Valencia, Francisco and Diaz-Montemayor, Gabriel, 2010, City of Green creeks: sustainable flood management alternatives for Nogales,
Sonora http://virtual.cocef.org/Final_Reports_B2012/20044/20044 Final_Report_EN.pdf
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Example:
Colosio Green
Corridor

The hillside has been occupied by
low-income, self-produced housing
lacking the most basic services, like
water, sewers, and open space.
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Lara-Valencia, Francisco and Diaz-Montemayor, Gabriel, 2010, City of Green creeks: sustainable flood management alternatives for Nogales,
Sonora http://virtual.cocef.org/Final_Reports_B2012/20044/20044_ Final_Report_EN.pdf
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EL REPRESO BIO-SWALE INTERVENTION

City of Green Creeks

4A Nogales

EL DIARIO DE SONORA
SABADO 4 de Diciembre de 2010

PRESENTAN PROYECTO

Ciudad de Canadas Verdes

NOGALES

» Unmanual elaborado
por investigadores
Sobre como mejorar la
ciudad fue entregado

Barajas recibio ayer de manos de
igadores de la Universidad
del Estado de Arizona el manual
denominado Ciudad de Cafiadas
Verdes: Alternativas para el ma-
nejo sustentable de inundaciones
en Nogales, Sonora.

El Alcalde agradecio dicho ma-
nual y secomprometio aaterrizar d
mayor niimero posible de los pro-
yeclosque estoenmarca, induso se
fial6 que hay noticias de recursos
|para aplicarse en Algunas Zonas que
induye este trabajo de investigacion.

El manual es s compllacion de

ciones de campo, conju-
jgadas con tecnologia aplicada en
ofras ciudades dd mundo y Méxd-
0, y que es factible para Nogales.

H doctor Francisco Lara, de la
Universidad Estatal de Arizona,
menciono que el proyecto se rea-
lizé gracias al patrocinio de la Se-
marnat y la Agendia de Proteccion
Ambiental (EPA por sus siglas en
inglés).

Dijo que los apoyos bajaron
a través de la Comisién de Co-
cion Ecoldgica Fronteriza
(O mediante & programa
Frontera 2012

“Este es un proyecto no so-
Io para tener una ciudad bonita,
sino algo mds entero, completo,
donde se reconozca la importan-
cia de Ia ecologia y el medio am-
biente, donde se promuevan ac-
ciones que eleven la calidad de vi-
da dela poblacion y que se resuel
van problemas crénicos como las
inundaciones”, expreso Francis-
co Lara.

Agregé que hay nuevas ideas
y enfoques en el campo de la pla-
neacion urbana, que pueden ser-

vir para atacar simultineamen-
te diversos problemas y es lo que
trataron de hacer con esta ideade
una ciudad de cafiadas verdes.

“Lo que estamos haciendo es
pensar en acciones que puedan
iniciarse tanto por el sector pebli-
¢o, como €l social y que sirvan pa-
ra resolver problemas de inunda-
citn, que se creen espacios pbli-
cos abiertos y restablezca las fun-
ciones ecologicas basicas”, seftald.

Menc ¢l investigador de
la Universidad Estatal de Arizo-
na, que en esto participaron estu-
diantes, asi como el Instituto Mu-
nicipal de Investigacion y Planea-
cién (IMIP) que encabeza Clau-
dia Gil Anaya.

El Alcalde recibit de manos de i 2 dela i
del Estado de Arizona el manual que propone una serie de obras.

Lara-Valencia, Francisco and Diaz-Montemayor, Gabriel, 2010, City of Green creeks: sustainable flood management alternatives for Nogales,
Sonora http://virtual.cocef.org/Final_Reports_B2012/20044/20044 Final_Report_EN.pdf



“Ambos Nogales Special Flood Damage
Reduction Study - Nogales, Sonora Mexico”
(January, 2005)

——— T (K IBWC & ACE hired Tetra Tech to

Nogales Wash Watershed \ 5&.* '_{4
g | develop recommendations:
1'09,-_9 .
X JFlood proofing structures
,'._‘13
s JRelocation of structures and
Moo 33 DN infrastructure
Measure 2-HY .
i B JFlood warning
Measure %himeneas’g‘-, Meas;greS-PS p = .
§ o o dFloodplain management
S 7 QcChannel
m near Calle Embarcadero 18_j Measure 2-C . .
=E modification/enlargement
? BT & dStormwater inlet improvements
14 ¥mk: ;:':sh Main Inlet near Calle NE%E&% .
P e = e dStormwater detention

USACE, 2005, Ambos Nogales Special Flood Damage Reduction Study, Los Angeles, CA: US Army Corps of Engineers.



Rainfall-runoff Model

* USGS, USDA-ARS, & UA Rainfall
used the Kinematic 18 i EE:T"U
Runoff and Erosion
Model (KINEROS2) to Runoff

+ Infiltration

identify flood-prone Open (Bl
] Channel ¢
areas in 20009. =lement

“AGWA is designed to evaluate relative change and can only provide qualitative estimates of
runoff and erosion. It cannot provide reliable quantitative estimates of runoff and erosion
without careful calibration. It is also subject to the assumptions and limitations of its
component models, and should always be applied with these in mind.”

Woolhiser, D.A., Smith, R.E., Goodrich, D.C., 1990. KINEROS, a kinematic runoff and erosion model: Documentation and user manual. U.S.
Department of Agriculture, Agricultural Research Service, ARS-77, 130p. SWRC Reference No.: 703



A “Perfect Storm”

e Variations of homogeneous design
storms were dictated by the NOAA
Atlas 14 for Arizona.

e Precipitation depth (inches) was
extracted at site: Nogales, Arizona
(02-5921): Latitude 31.35N and
Longitude 110.9167W (3907 ft)
and fit into the model.

e Rainfall events include:
— a 10-year 1-h (1.82 in.)
— a 25-year 6-h (2.93 in.)
— a 100-year 6-h (3.76in.)




Generate scenarios of varying climatic events

Recurrence intervals and probabilities of occurrences

 Extreme hydrologic
events are described
as having an ‘X’-year
recurrence interval

* |n order to simulate

potential precipitation
events, values from
the NOAA 14 Atlas for
Nogales, Arizona were
modeled.

Recurrence interval, Probability of

Percent chance of

in years occurrence in any occurrence in any
given year given year

100 1in 100 1

50 1in50 2

25 1in25 4

10 1in 10 10

5 1in5 20

2 lin2 50
ARI* 5 10 15 30 60 120 12 24 48 4 7 10 20 30 45 60
= = = — — — 3hr6hr == — — -~ -~ = = = = =
(years) min min min min min min =— = hr hr hr day day day day day day day
1 0.30 0.45 0.56 0.76 0.94 1.11 1.16 1.32 1.52 1.70 1.92 2.26 2.73 3.19 4.45 555 6.85 7.99
2 0.38 0.58 0.72 0.97 1.20 1.41 1.45 1.65 1.91 2.12 2.38 2.82 3.40 3.97 556 6.92 852 9.94
5 0.49 0.75 0.93 1.26 1.56 1.80 1.84 2.08 2.37 2.63 2.94 3.49 4.23 490 6.81 8.41 10.24 11.90
10 0.58 0.88 1.09 1.47 182 2.11 2.15 2.43 2.76 3.04 3.40 4.04 4.89 564 7.75 9.49 11.47 13.30
25 0.69 1.05 1.31 1.76 2.18 2.53 2.59 BI98 3.30 3.59 4.05 4.83 5.80 6.62 8.96 10.85 12.97 14.98
50 0.78 1.18 1.47 1.97 2.44 2.87 2.94 3.33 3.73 4.01 4.55 5.45 6.51 7.36 9.85 11.82 14.02 16.13
100 0.86 1.31 1.62 2.19 2.71 3.21 3.30 3.76 4.18 4.45 5.08 6.11 7.25 8.12 10.72 12.75 15.00 17.21
200 0.95 1.44 1.79 2.40 2.98 3.55 3.67 4.20 4.65 4.88 5.63 6.79 8.00 8.88 11.57 13.63 15.92 18.20
500 1.06 1.61 2.00 2.69 3.33 4.02 4.18 4.81 5.29 5.47 6.38 7.74 9.02 9.89 12.64 14.73 17.01 19.38

1000 1.14 1.74 2.16 2.90 3.59 4.39 4.59 5.31 5.81 5.93 6.97 8.49 9.83 10.65 13.42 15.49 17.76 20.18

® Caveat: When rainfall data are collected at a point within a stream
basin, it is unlikely that this same amount of rainfall occurred uniformly

throughout the entire basin.



Rainfall-runoff
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Norman, L. M., Huth, H., Levick, L., Shea Burns, I., Phillip Guertin, D., Lara-Valencia, F., & Semmens, D. (2010). Flood hazard awareness and
hydrologic modelling at Ambos Nogales, United States—Mexico border. Journal of Flood Risk Management, 3(2), 151-165.
http://doi.org/10.1111/j.1753-318X.2010.01066.x



IBWC-funded Research

Model impacts of
Detention Features:
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Norman, L.M., Villarreal, M.L., Wallace, C.S.A., Gil Anaya, C.Z., Diaz Arcos, Israel and Gray, Floyd, 2010, A high-resolution land-use map; Nogales,
Sonora, Mexico: U.S. Geological Survey Open-File Report 2010-1156, 21 p. [http://pubs.usgs.gov/of/2010/1156/].




Embankment dams identified for modeling

*  Rock Gabion Dams constructed by City:

e  Earthen dams rehabilitated by CONAGUA:

Capulines

Cuesta Blanca

Bellotas Fraccionamiento
Bellotas Maquiladoras
Chimeneas

Villa Sonora

Represo Chimeneas
Represo Villa Sonora
Represo Pirinola
Represo Unison Il

e Earthen dams constructed by the City:

San Carlos Dique 1
San Carlos Dique 2
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2D Area = 8851 m?
Volume = 24756 m3
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Chimeneas - 3m

Describe basins in 3-D terminology, using total
volume, the total basin depth, top and bottom
surface areas, and discharge structures
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Describe basins in 3-D terminology, using total
volume, the total basin depth, top and bottom
surface areas, and discharge structures

Chimeneas - 3m

Legend
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Sediment yield (kg), 25 year, 6 hour event

Channel Impacts | Cuesta Blanca Capulines
w/out feature 8,518,604 9,268,617
w/ feature 2,964,995 3,869,279
Difference @,609 5,399,338




Norman, L.M., Levick, L., Guertin, D.P., Callegary, J., Quintanar Guadarrama, J., Zulema Gil Anaya, C., Prichard, A., Gray, F., Castellanos, E.,
Tepezano, E., Huth, H., Vandervoet, P.,, Rodriguez, S., Nunez, J., Atwood, D., Patricio Olivero Granillo, G., and Octavio Gastelum Ceballos, F., 2010,
Nogales flood detention study: U.S. Geological Survey Open-File Report 2010-1262, 141 p.



Emergency Response

e 2009—working with Chuck McHugh, AZ Dept of
Emergency & Military Affairs (ADEMA) to help
establish trigger points for flood reaction in the
Nogales Wash with USACE, ADEQ, and the NWS...
to reduce the impact of disaster on person and
property.

* Floyd Gray (USGS) funded on DHS proposal with
NOAA and UofA to develop an Early Warning
Hazard System and needs help to identify best
locations for gauges (precip. & water).

Norman, Laura M. (2010). Flash-Flood Forecasting at Ambos Nogales, In the Border Climate Summary, Climate Assessment for the Southwest
(CLIMAS) program, University of Arizona, Tucson, Ariz.,

http://www.climas.arizona.edu/files/climas/pdfs/periodicals/BorderClimateSummary_Jun10.pdf (NEWSLETTER)
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Nogales Predictions
Kineros2 and first
Watershed alerts of
Model flooding

New Real-

time Gage
Data

The NWS, UA, and USDA had developed and implemented a version of
KINEROS?2, adapted to flash flood prediction using radar precipitation
product (K2/NWS) that displays graphs of both radar-derived rainfall and
predicted runoff.

20 cooperative rainfall gauges to be purchased and installed in Nogales,
Sonora and attached to Internet monitoring network for Arizona
(Rainlog.org).

This could be used to calibrate the K2 model for advanced flood warning
Could help planning for future scenarios

And also act as a demonstration to locate most advantageous sites for
larger more extensive equipment (radar) that will provide emergency
managers with the most reliable alert system...
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 One effective way to mitigate flood risk is to
provide a tool that allows the forecaster to
effectively predict the timing and magnitude of
peak flows in small watersheds.

v' Incorporate real-time rainfall data input and
compute volumes of runoff, peak flow, and
watershed discharge rate.

v A runoff graph will show stage of flows and
equivalent discharge rate in streams, and
indicates the peak stage (discharge) and time of
peak




Nogales, Sonora

e 20 cooperative rainfall gauges purchased and installed in Nogales, Sonora
and attached to Internet monitoring network for Arizona (Rainlog.org).

= - -
?-ﬁ [
: %&1_ 1 4 B P
|
S S
f I

il
e Needed help from colleagues in Nogales, Sonora

I'u
|
— Input on storm distributions and site selection... Multiple gages are
desirable since precipitation is highly variable during the monsoon
season, when thunderstorms can produce heavy and localized rainfall.
— Operations and maintenance:
 installation, operation and maintenance of the gages
* Tie to the internet, and possibility of setting thresholds for ER communication
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Distribution is
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Tracking
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Rain Gages
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The system in place and 100%
operational

Real-time data connections via
satellite and via connection to
the Arizona Statewide Flood
Warning System through one of
its existing repeaters located
along the border.

Additionally, the base station,
located in Nogales, Sonora,
provides local emergency
operations personnel with
complete off-grid, real-time data
access.

Plans to coordinate installation
of high-visibility staff gauges at
frequently flooded
transportation corridors and
crossings ...



Workshops and Trainings

On October 12, 2012, a training was held at the C4
Center ALERT Training, Nogales, Sonora,.

On April 17-18, 2013, a software demonstration
and training workshop for an Emergency Flood
Warning System being created for the city of
Nogales, Sonora, Mexico at the Santa Cruz County
Flood Control District office in Nogales, AZ.

April 15, 2016 a training was held in Nogales, Ariz.
on three aspects of the Nogales, Sonora ALERT
System: (i.) ALERT System Overview, (ii.) Davis Web
Data Setup, and (iii.) Equipment Training




Rain Gages
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Nogales Wash Stream gage

Installed by USGS/ADWR
with a grant from Border 2012
Maintained by U.S. IBWC

The system began recording data on
April 23, 2010
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A State Emergency

Nogales b International

Nogales, Arizona | Wednesday, August 11,2010
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i Water Damage Contractors Tucson AZ Home Inspector Toyota® Clearance Event
Nogales braces for another nlght of * * 7 Find Top-Rated Disaster Pros in Caring / Honest / Thorough - Family Find A Dealer & Get A Quote
~ Dall qt‘ ‘ Your Area. Get 4 Free Bids Today! Owned Operated. Certified During the Toyota National

By JB Miller and Manuel Coppola Anﬁruna l ;-5" ‘It sN Www.azstarnet.ce wiw. ServiceMagic.com wiww. FrideFropertylnspections. com Clearance Event
Published Friday, July 30, 2010 3.08 PM CDT wranw Buyatoyota. com
| 10 As Nogales braces itself for more rain this weekend, the city by News (=] Opinion Entertainment (=] <] nt (Na comments posted.) | Al Rate

need them today. .
—
|4 share | LOCAL HEWS NATIONAL WORLD BUSINESS BORDER CRIME EDUCATION Nogales to get state help aﬂer ﬂOOdIng

“The chances of continued rain are 70 percent tonight and 60 By Manuel C. Coppola
following the same pattern as last night's rain,” said Ofelia McCollough, thell  Home  News  Local Nogales International

Published: Tuesday, August 3, 2010 8:51 PM MST

Later today, people can pick up free sandbags at the public works departm Heavy rai n ru nOﬁ causes fIOOd i n

the Holbrook Bridge on Morley Avenue, McCollough said.
Iq‘ ’gales A z Gow. Jan Brewer is expected to sign an emergency delcaration this week that will
L) :

“Weares give Nogales access to stats resources to deal with heavy damage from last week's

= Pri - flooding.
= Print this story sandbags
= should go Effarts also are under way between the International Water and Boundary
Email this sto g Commission and the U.S. Army Corps of Engineers to hire a private contractor to
ry 2055613/ Story  (0) Comments repair portions of the Nogales Wash damaged in the storms.
Post a Comment Until abou

The town was turned upside-dawn Friday as storm waters raged through the main Heavy equipment and volunteers help clear the road in
s 2 z inii i Nogales after Friday's story. Photo by Manuel C.
distributecl] By Jamar Younger Arizona Daily Star | Posted: Friday, July 30, 2010 8:12 pm | Commer| Washes of the town, eroding roads and undermining railroad tracks 5 y's story. o

Coppola/Nogales International
hardest hif) i i On Friday afternoon, residents of Chula Vista and Vista del Cielo were issued pre-
Hohokam | Heavy water flow in a Mogales, Ariz., wash destroyed three concrete panels and| evacuation notices as floadwaters rose
Tetunfnr Ueatened fo force theraattatons of sbme oty fesidents, Most stayed home, taking a chancs that flooding would not continue through the night, which it did not
IS racks
in the Noglil The ﬂoodmg affected the community of Chula Vista in the northem part of the cit| Futhersoutn along Western Avenue, children playing at Camp Litle Park were rushed to safety by bystanders who just seconds befare
by with sandbags in case more damage occurred. said Flavio Gonzalez. utilities witnessed the Ephraim Canyon Wash crash over the Leyva Bridge and turn the streetinto a raging river.
John Haysfl director.

County, s Atthe point where Ephraim and Mogales washes converge, the water bottlenecked and flooded a portion of the El Dorado Motel parking lot,
deep som| The sandbags also will be used during repairs to the panels, which line the sided washing over the railroad tracks. Northbound train trafiic was temporarily shut down

said.

“During repairs, we will have to divert the flow of water,” he said.

The flooding, which destroyed the panels on the west side of the wash, was a result of heavy rains in
Sonora, Mexico, he said.

o

Tew Tab (Ch

+1)
The wash flows from a storm-water tunnel that spans two sides of the international border, bringing storm

water from Mexico.

The waters started to recede Friday evening, but officials were concemed about forecasts for more rain late
Friday night and Saturday, he said.




July 31, 2010
A Real Storm: Downstream

“John Hays, Floodplain Coordinator for Santa Cruz County...said
Tuesday’s deluge was a 10-year event, meaning it had a 10-
percent chance of occurring in any given year. He said the last
time a 10-year event occurred in Nogales was in 2008”...
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Flood Warning and modeling project in Nogales Sonora

Rain Gages

Precip On Milimeters Inf:hes
(mm) (in.)
7/31/2010 4 0.06
<ia/201o 52.07 205 O
7/29/2010 17.78 0.7
7/28/2010 7.62 0.3
7/27/2010 13.208 0.52
7/22/2010 7.112 0.28
7/20/2010 1.27 0.05
7/19/2010 24.384 0.96
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e The NWS, UA, and USDA have developed and implemented a version
of KINEROS2, adapted to flash flood prediction using radar

precipitation product (K2/NWS) that displays graphs of both radar-
derived rainfall and predicted runoff.
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New

Nogales Wash at Nogales Arizona

KINEROS2 Modeling Results

Michael Schaffner, NWS WRH

A collaborative partnership with NWS Tucson, USDA
Southwest Watershed Research Center, and the United
States Geological Survey (USGS)

Image source: https://twitter.com/johnpatrickkvoa/status/641381356904148992



&
M Calibrated with Stream Gage

2014 Monsoon Events 2015 Monsoon Events

2014 Monsoon Peak Flow Events 2015 Monsoon Peak Flow Events

M Observed (USGS) M Operational Simulation (KINERDOS2)

M Observed (USGS) M Operational Simulation (KINEROS2)

5410
5084

4630 4708

3760 3799

2973

2380

1454
1230

1 2 3 4 5

Working now to calibrate with Real-time Rainfall...

**Hopes to employ this summer monsoon season!**



Recommendations

1. Urban planning
- Revegetation of Hot-Spots
- City of Green Creeks
—>Consider stormwater regulations

2. Communication
- Meetings, trainings, publications
—2>Emergency Flood Warning System
3. Stormwater control

—> Detention Basins...

— Effective Binational Stormwater Program



Recommendations  / '
‘ ® s

Jd Flood proofing structures FLOOD
d Relocation of structures and infrastructure 1

¢ Floodplain management

¥ Channel modification/enlargement
d Stormwater inlet improvements

¥, Stormwater detention
(from Tetra Tech, IBWC, ACE 2005)

— Effective Binational Stormwater Program
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10.

11.

12.

13.

Presentations

Brady, Laura M., 2001, Twin Cities of Nogales: A Border-shed Analysis in GIS [abs.]: Arizona Hydrological Society Symposium, September 12-15, 2001, Tucson,
Arizona. (PRESENTED)

Gray, Floyd, Iserman, Brian, Boyle, Erin, Norman, Laura, Goodrich, David, and Callegary, James, 2013, Nogales, Arizona/Sonora Flood Warning and Modeling
Network, presented at Proceedings of Santa Cruz River Researcher’s Day, April 15-16, Tucson, Arizona. (POSTER).

Norman, Laura, 2008, presentation at the EPA Border 2012 Arizona-Sonora Water Task Force Meeting, Nogales, AZ, Invited by Hans Huth, Arizona Department of
Environmental Quality, Office of Border Environmental Protection . (PRESENTED)

Norman, 2009-Aug-26, presentation at the Nogales Wash Trigger Points Planning Meeting, National Weather Service, Tucson, AZ, invited by Chuck McHugh, AD
OPS, AZ Dept. of Emergency and Military Affairs . (PRESENTED)

Norman, Laura, 2009-Apr-02, presentation at the Binational Technical Meeting, Arizona Department of Water Resources, Nogales, AZ, invited by Steven Lyell, Civil
Engineer, International Boundary and Water Commission United States and Mexico, U.S. Section . (PRESENTED)

Norman, Laura, 2009-Feb-20, presentation at the Southeast Arizona Health Education Center, Nogales, AZ, Jinvited by ose Rodriguez, Arizona Department of
Environmental Quality . (PRESENTED)

Norman, Laura, Feller, Mark, Suarez-Barnett, Alberto, and Austin, Diane, 2007. Multiple Applications of Hot Spot Predictive Modeling for Ambos Nogales [abs.]:
US-Mexico Binational Center for Environmental Sciences and Toxicology: Inaugural Ceremony and Global Environmental Health Workshop, March 12-14, Lowes
Ventana Canyon Resort, Tucson, Ariz. (POSTER)

Norman, Laura M., Guertin, D. Phillip and Feller, Mark, 2007. An Approach to Prevent Nonpoint-Source Pollutants and Support Sustainable Development in the
Ambos Nogales Transboundary Watershed [abs.]: Facing Tomorrow's Challenges along the US-Mexico Border, JW Marriott Resort and Spa, March 20-22, Tucson,
Ariz. (PRESENTED).

Norman, Laura M., Gray, Floyd, Callegary, James, Huth, Hans, Gastelum Ceballos, Francisco Octavio, Gil Anaya, Claudia Zulema, Goodrich, David, Woodard, Gary,
Quintinar, Jesus, Nunez, Jose, Oliveros, Gilberto, Molina, Roberto, Guertin, D. Phillip, and Canizales, Eduardo, 2010, Collaborative Work for Flash-Flood
Forecasting at Ambos Nogales, International Conference on Urban and Global Environmental Change, Arizona State University, Tempe, AZ, October 15-17.
(PRESENTED).

Gray, Floyd, Norman, Laura M., Quintinar, Jesus, Callegary, James, Woodard, Gary, Huth, Hans, Gil Anaya, Claudia Zulema, Canizales, Eduardo, and Goodrich,
David, 2010, Early Hazard Warning and Modeling Network in Nogales, Mexico, presented at the National Association of Black Geologists and Geophysicists 29th
Annual Technology Conference “Unearthing Future Geoscientists”, September 08 — 11, 2010, San Antonio, Texas.

Caldeira, Felipe, Norman, Laura M., Callegary, James, Nubes Ortiz, Gerardina, O’Rourke, Mary Kay, de Zapien, Jill, Gray, Floyd and Rosales, Cecilia, 2010,
Water Quality and Health Analysis in Two Different Colonias of Nogales, Sonora, Mexico, [abs.], Arizona Hydrological Society, Sept 1-4, Tucson, Ariz.
Caldeira, Felipe, Norman, Laura M., Callegary, James, and Gray, Floyd, 2011, Nogales, Sonora, Mexico: Is there something in the Water?, In Proceedings of Santa
Cruz River Researcher’s Day, March 29, 2011, Tucson, Arizona. http://sonoraninstitute.org/component/docman/doc_download/999-caldeira-scrrd-2011-
presentation.html

Iserman, Brian, Gray, Floyd, Boyle, Erin, and Norman, Laura, 2013, Nogales, Arizona/Sonora Flood Warning and Modeling Network, to be presented at The
Association of State Floodplain Managers Arid Regions Conference 2013; October 15-18, Fort McDowell Resort, Scottsdale, Arizona.




10.

11.

12.

13.

14,

15.

16.

Publications

Brady, L. M., Gray, F., Castaneda, M., Bultman, M., & Bolm, K. S. (2002). Preliminary United States - Mexico Border Watershed Analysis, Twin Cities Area Of
Nogales, Arizona And Nogales, Sonora. U.S. Geological Survey Open-File Report, OF 02-112. Retrieved from http://geopubs.wr.usgs.gov/open-file/of02-112/

Hutchins, Jana, Keys, Eric, Myint, Soe, Lara-Valencia, Francisico, Aspinall, Richard, Norman, Laura, Watts, Chris, Granados-Olives, 2006, Urban Growth Patterns
Along the U.S.-Mexican Border: The Case of Yuma-San Luis and Ambos Nogales, Southwest Consortium for Environmental Research and Policy (SCERP) Project
No. EIR-06-1, http://scerpfiles.org/cont_mgt/doc_files/EIR-06-1.pdf (PROJECT REPORT).

Norman, L. M. (2005). Modeling land use change and associate water quality impacts in the Ambos Nogales watershed, United States-Mexico border. THE
UNIVERSITY OF ARIZONA. Retrieved from http://phdtree.org/pdf/25545994-modeling-land-use-change-and-associate-water-quality-impacts-in-the-ambos-nogales-
watershed-united-states-mexico-border/

Norman, L. M. (2007). United States-Mexican border watershed assessment: Modeling nonpoint source pollution in Ambos Nogales. Journal of Borderlands
Studies, 22(1), 79-97. http://doi.org/10.1080/08865655.2007.9695670

Norman, Laura M. (2010). Flash-Flood Forecasting at Ambos Nogales, In the Border Climate Summary, Climate Assessment for the Southwest (CLIMAS) program,
University of Arizona, Tucson, Ariz., http://www.climas.arizona.edu/files/climas/pdfs/periodicals/BorderClimateSummary_Jun10.pdf (NEWSLETTER)

Norman, L. M., Caldeira, F., Callegary, J., Gray, F., O’ Rourke, M. K., Meranza, V., & Rijn, S. (2012). Socio-Environmental Health Analysis in Nogales, Sonora,
Mexico. Water Quality, Exposure and Health. http://doi.org/10.1007/s12403-012-0067-x

Norman, L. M., Donelson, A., Pfeifer, E., & Lam, A. H. (2006). Colonia Development and Land Use Change in Ambos Nogales, United States - Mexican Border.
U.S. Geological Survey, Open-File Report 2006-1112, 121.

Norman, L. M., Feller, M., & Phillip Guertin, D. (2009). Forecasting urban growth across the United States—Mexico border. Computers, Environment and Urban
Systems, 33(2), 150-159. http://doi.org/10.1016/j.compenvurbsys.2008.10.003

Norman, L., Guertin, D., & Feller, M. (2008). A Coupled Model Approach to Reduce Nonpoint-Source Pollution Resulting from Predicted Urban Growth: A
Case Study in the Ambos Nogales Watershed. Urban Geography, 29(5), 496-516. http://doi.org/10.2747/0272-3638.29.5.496

Norman, L. M., Guertin, D. P., & Feller, M. (2008). An approach to prevent nonpoint-source pollutants and support sustainable development in the Ambos
Nogales transboundary watershed. Proceedings of a USGS Workshop on Facing Tomorrow’s Challenges Along the U.S.-Mexico Border—Monitoring, Modeling, and
Forecasting Change Within the Arizona-Sonora Transboundary Watersheds. Edited by Norman, L. M., Hirsch, D. D., & Ward, A. W., Tucson, AZ, U.S.A. Retrieved
from http://pubs.usgs.govi/circ/1322/

Norman, L. M., Guertin, D. P., Hernandez, D. P., Barnett, A. S., & Ashton-Reis, K. (2004). Binational Digital Soils Map of the Ambos Nogales Watershed, Southern
Arizona and Northern Sonora, Mexico. U.S. Geological Survey Open-File Report, 2004-1335. Retrieved from http://pubs.usgs.gov/of/2004/1335/

Norman, L. M., Huth, H., Levick, L., Shea Burns, I., Phillip Guertin, D., Lara-Valencia, F., & Semmens, D. (2010). Flood hazard awareness and hydrologic
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