Fluvial Processes in Phoenix, Maricopa County, Arizona: A natural laboratory for studying urbanized dryland fluvial systems
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Precipitation and runoff observations from June 1st - October 8th, 2006 show that there is not an intuitive downstream

accumulation of runoff despite the increased imperviousness downstream through the watershed. Indian Bend Wash is a
greenbelt recreation area in Scottsdale and Tempe, AZ (photo middle). Previously it was an ephemeral channel, but
now it serves as a flood water detention corridor. It is also a superfund site with a large plume of volatile organic compounds in
the upper aquifer below the channel. Watershed was defined by a 10m USGS DEM and Archydro modeling, Precipitation
data is from the Maricopa County Flood Control District: http://www.fcd.maricopa.gov/Services/ALERT/, and land cover
imperviousness data is from the NLCD, 2001.
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ABSTRACT:

Maricopa County is characterized by low relief basins with intervening bedrock mountain ranges.
Fluvial processes are driven by low frequency but high intensity rainfall events that convey runoff
and sediment from adjacent uplands and urbanized desert piedmonts to tributaries of the lower
Colorado River.Since the 1950's, the population of metropolitan Phoenix has increased tenfold.
Now, approximately 3.5 million people live within 1500 square kilometers of developed land. With
so much growth, the fluvial system has been significantly altered. Urbanization and attempts to
control flooding have led to 1) an increase in impermeable land cover, 2) straightening and
channelization of piedmont distributaries and washes, 3) alteration or removal of riparian
vegetation, 4) diversion of runoff and sediment into localized retention basins, 5) development of
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Traditional DEMs are inadequate to model flow through the urban landscape
without significant oversight and consideration of the urban drainage network.
One clear error was the contributing area at Indian Bend and McDonald gages.
According to the model, these gages receive runoff only from the eastern side of
IBW, but in fact they are within IBW and the stream paths shown above

merging at B, really merge at A. | have reconciled this in the data table below.

ifici I Tal| , Xy : : Also of interest is the modeled flow through infrastructure such as canals (C).
artificial local wetlands and lakes as part of groundwater recharge projects and municipal g indian Bend Wash Gageshed Analysis Summer 06 o0, nferest s the modeled flow through nfiastucture such as canals (C
i I I - I I . e NG A . canal is acting as a barrier. Another example of infrastructure damming is along
amenities, and 6) damming of the previously non-ephemeral Salt, Verde, and Gila Rivers of the lower par sureritgmysas 2000 K canal J acting a6 & barter. Aiother sxamplo of infractructure dameming f o
Colorado River system.The ongoing urbanization surrounding greater Phoenix represents a special e ovad e 1800 highway (D; below). Clearly better data are need to represent the drainage
. . . . . 0 = | 00 network.
opportunity to explore the responses of dryland fluvial processes to these types of changes. Existing i = Sw | | | .
. . . . Y 50.0 - SH . !Dralpage petwqu alteratlgn_s are common in temperate. regions too, but
urban catchments are monitored by the Maricopa County flood control district; therefore R | g . in arid regions like Phoenix it is a common practice to simply let the runoff
. ) o ) i ) ) ) ) ) ' 1B ‘I S flow on the street rather fchan |n.subsurface Qralns (however, thgre are some).
precipitation and hydrograph data mining in conjunction with historical land use mapping and 00 Undoubtably these passive drainage alterations from the urban infrastructure
will have impacts on the fluvial system. The crux of my research will be to
° ° ° ° ° ° ° ° 1 ) | . . . . .
drainage basin delineations reveal valuable information about the urban fluvial system. Phoenix's s ,_ 1000 + McD quantify the impacts of these interactions on the fluvial system. What are the
. i i . . i i i ¥ ‘ ‘ o “% 150.0 | | | | | spatial scalqs that these dryland urban/fluw.al changes occur qn? What are
continued growth provides an opportunity to establish monitoring experiments to study fluvial F P 0 w0 w0 e w0  so o theprogression of these changes and the time scales over which the fluvial
7 v system responds to these urban interactions.
0
reSpOnse.S d T ng the Initiation Of NEW L.era 1 devek?pments. Add itiona I Iy’ g.EOmorph AS ma ppl ng The Phoenix metropolitan area sits within the tributary watersheds of the Salt, o Impermeable | am also interested in the sedimentation of these passive and artificial retention
a nd Stratlg ra ph IC a na Iyses Of U rba n Sed I ments prOVIdeS data tO COm pa re Wlth geOmOrph IC Gila’ and Verde Rivers of the Lower Colorado River.These rivers drain the Arizona ” _ |mperviousness was not direcﬂy correlated with % runoff because basins. How pOIlUted are.these’ yvhqt types of material is inCIUded’ what s the
. . . . . . . Transition zone and runoff from agricultural and urbanized low desert.Two large e —— runoff does not follow the natural flow paths calculated with the DEM. scale of the anthropogenic contribution?
investigations of undeveloped piedmonts. Through these analyses and substituting space for time areas ofthe deset are slated for development red) Buckeye has annexed moreland Some gages (Indian School and Mubonald) suggested that these
. - - - - - than the city of Phoenix currently occupies and development is underway on what wi parts of the drainage basin were net sinks of runoff. This is possible
we Wi ” be d ble to better dSSessS hOW u rba nization tra nSfO rms d ralinage baSl na rCh Itecture a nd th us hold about 1 million residents. The Superstition Vistas is a plot of AZ State Trust Land Land cover impermeability for IBW gagesheds. because both of these gaging stations are associated with
: : e that is being discussed for development in the next 50 years and would also support Gage locations from the Maricopa County Flood Control District. large retention ponds that store and evaporate runoff. However, we
hOW Water’ Sed | ment’ and Chem ICd IS Move th roug h and are sto red Wlth N the u rban landscape' about 1 million new residents (http://www.asu.edu/copp/morrison/SV.htm). Gagesheds calculated in ArcHydro from the 10m USGS DEM. must also consider that McKellips had more runoff than it received in
This knowledge will also help us understand how fluvial processes within the urban landscape Many urbanized washes such as Indian Bend Wash flow through this desert landscape. - Impermeability data from the NLCD, 2001 [ igh : 09 e suggested e model 11 fkely thet stermuater fom I8, 19, anc
) i ) i Thus we are interested to know how are dryland fluvial and ecological processes (http://mvww.mrlc.gov/mric2k_nlcd.asp) McDuﬁgws down streets before enteXing the channel near McK.
influence and feedback between biological and social parts of the urban ecosystem. affected by this urbanization? How does the morphology of these fluvial and alluvial Kl Low : 0 |
systems feedback and shape urbanization decisions? Gageshed rainfall vs runoff analysis (summer 06)
Station Net Area (sq km) Net Runoff (m#3) Avg runoff (cm) Avg rainfall (cm) % Runoff % impervious
Sweetwater (SW) 17 9.80.E+05 5.7 11.3 49.9 27.9
Shea (SH) 105 1.77.E+06 1.7 113 14.8 20.7
- —— TR e of Urbaniaar Urbanization usually results in channel enlargement that Indian Bend_all (IB) 205 5.92.E+04 0.0 1.3 0.0 174
Urbenization ve abilizing p|ca |mpac SO rpanization . el . —lIndianBend 84 2-8+E+066 81 3 16 132 i
Phase Construction Urban land cover (n)j’odiﬁed o Gl 200 mc(;eca;ses dovvznos(;qea? WIIEIF:[ me ut[ban Ianbdslscape_. (|3:h|n . McDonald_all (McD) 10 1 30.E406 P " e - Ny e T L
Process Variable .o | Theurbanization process consists of two main ar_] regory’_ show that this stream (below) in Ou_n ain — McDomatd 86 t5TE+06 A 3 05 46 : : o
3 m gadimeant M, P phases: 1) active construction and 2) 3 period H|I|S, AZ haS |nstead become Segmented by road CrOSS|ngS Indian School (|S) 78 -6.50.E+05 -0.8 8.2 -10.2 20.2 Poinfer. 33°33:35:812Nl 11[1252:37:732 W/ elev 134511 Streamingl|[[][11]1] 1002 Eyel altl 5495 it
I_.prz:‘;:ﬂﬂ of stabilizing urban cover. The following Just downstream is a gravel mining operation. The ephemeral LIRS (e, 20 2.63.E+06 13.1 8.1 162.7 48.6
Hj:;mgim relationships have been observed. Sediment nature of aridland fluvial systems invites much more human
+ il veiees production is highest during peak interaction with the fluvial system. The lower left photo is
- lag time ’ construction and decreases once urban . : . C g :
b~ pollutant et vy e s e el iz Vit lisopens an aerial view of the Salt Rlve_r after a significant wet period |
production a2 because imperviousness and other land that resulted in flow. The Salt is dammed UpStream of Phoenix
covers stabilize the sediment.Imperviousness, six times, is channelized over several reaches, has man i :
Runoff volumes and velocities, and pollutant gravel mining operations, waste water wetlands artificiaI}lIakes Some hypOtheseS to test SuggeSthnS and comments:
Channel Condion Net Net production all generally increase with time of and other human interactions. Clearly the morphology of this
Aggradation Erasion urbanization. During active construction there _ o _ _ _ _
is net aggradation and channel reduction and river has been significantly alter_ed. With hlstorlcal_ aerial photo- 1) Because urban street networks are an important hydrologic pathways and are often
Morphological Change Ghannel Redustion Channel Enlargement te*;\'lsa'rs feor:‘;‘;]"ted £ DL @IESEN arn] sl graphy perhaps we can determine some sequential responses directly integrated with natural dryland channels, their interactions with those channels
2 ' from the fluvial system to the urbanization practices. will significantly control changes in channel morphology. This may be especially true

on piedmont channels and may result in significant channel enlargements and/or
migrations.

2) Dryland channel geomorphology is controlled by the largest hydrologic events,
therefore it will require longer time scales to integrate channel response to urbanization;
unless of course a fortuitous large event occurs immediately after urbanization is stabilized.

R Do A g (et S ﬁ sl Desert piedmont urbanization in Buckeye, AZ offers the opportunity
nd geomorph SRRV BTl Y th Sk WL et U G | to monitor geomorphic change from the start of urbanization. The Hassayampa 3) During dryland construction, large volumes of highly erodable material (see photo of
detailed interactions of these s A gy T EE  § es  )

Fi\{)er vIaIIey :?d piebdm%nt ofI the eritevﬁﬂk Mou?t?ini (gbove)I atlje be?inning fan soil profile) is available for transport, this may lead to initial rapid aggradation of
© be clearsd Tor Lban developments. TIth an anticipaied popuiation of mors piedmont channels. However, this hypothesis assumes that it rains on the construction sites,

nearly a million people, a large fluvial channel, and numerous alluvial fans, Buckeye P _ :
is an ideal place to follow the urbanization process in a dryland system. The effects if rain does not occur then dryland channels may not see an initial urban sediment pulse.

of urbanization will depend heavily upon the development choices made. We are

working to acquire repeat LIDAR surveys over this landscape which will allow us to 4) Retention and detention basins may starve some dryland channels of runoff and
quantify the geomorphic change. Other tools will include field mapping, total station sediment, resulting in a geomorphology controlled more by bioturbation and direct
surveys, and remote sensing of satellite and aerial photography. human modification.

T ite Tank Mountains, s desert 5) Urban impoundments and detention basins will become unique ecological niches in

pavement dryland systems and may rival traditional channels with biological productivity. However,

Buckeye, AZ
| they may also be sites of pollutant retention.

Dryland urban channel is fed both
by upstream flow and urban street
flow. Increased flow and velocity
results in channel scour
downstream of the road crossing
(Chin, 2006). Chin and Gregory
show increased segmentation of A\ &
this channel in Fountain Hills, AZ. ;3'__ S Y alluvial fan Chin, A. and K.J. Gregory. 2001. Urbanization and Adjustment of Ephemeral Stream Channels.
But will channel change become W soil Annals of the Association of American Geographers, vol. 91, 595-608.

integrated like temperate regions ¥
by future large runoff events?
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