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1. INTRODUCTION 4, RESULTS

Urbanization is occurring rapidly in semi-arid areas and has far reaching, but largely unquantified, impacts on the water budget of cities. Urbanization

affects the partitioning of precipitation into infiltration, evapotranspiration (ET), surface runoff, and groundwater recharge relative to pre-urbanized : _ : - :
conditions (Figure 1). These effects are most dramatic in arid cities. Modifications to ecosystem structure resulting from urbanization (such as changes in Effects of stormwater infrastructure on the runoff response: Comparison of stormwater PIpe Infrastructure

land use/land cover [LU/LC], landscaping, and engineering of the drainage network) as well as human decisions about outdoor water use (which we will WIith wash and retention basin infrastructure at a spatial scale of ~100 ha

refer to as urban ecosystem function) will affect the nature of horizontal hydrologic fluxes (surface runoff, stormwater network flow) and vertical hydrologic 1
fluxes (ET and Infiltration, which may lead to groundwater recharge). Urban modifications also impact the surface energy balance through changes in  stormwater infrastructure has a great effect on runoff coefficients, with much 09 B Wash and retention basin
albedo, thermal inertia and emissivity, and shading, among others, that are introduced through landscaping (mesic, xeric or combinations) and through the  nigher runoff coefficients from pipe infrastructure than for wash and retention | - |
elements of the built environment (roads, buildings, pavement). As such, understanding how structural modifications of the water and energy budgets  pasin infrastructure (Figure 3). . 08 - W Pipe
associated with urbanization affect horizontal and vertical fluxes operating over different spatial and temporal scales iIs critical for successful water § 0.7 - -
management. This is particularly important in urban ecosystems where water is a scarce resource, such as the semi-arid southwestern U.S., where a  \jith an increase in the amount of event rainfall. runoff coefficients are @& 0.6 - mE 0
population boom in the last 50 years has lead to large cities (Phoenix, Las Vegas, Los Angeles, San Diego, etc.) that are reliant on the functioning of an  rg|atively constant for pipe infrastructure but increase for wash and retention "é 05
engineered urban ecosystem. Thus, to establish the effects of urbanization and future climate stressors on the urban water balance we need to determine  pasin infrastructure. £ 04
how land use, human decisions about water use, and climate change affect the vertical and horizontal components of the urban water budget. S 53
oc
EVAPOTRANSPIRATION PRECIPITATION IRRIGATION 2. RE_SEARCH QB‘]ECTIVE | 0.2
Balancing the sustainable management of urban water while 0.1 - |
maximizing other ecosystems services (i.e., evaporative cooling  Figure 3 (right). Runoff coefficients for two catchments of comparable size, that differ in 0 n u =
to mitigate the urban heat island) requires a holistic approach terms of stormwater infrastructure ,for rainfall-runoff events of various sizes. The runoff
that considers ecohydrological processes over multiple spatial coeff;fcients Is the proportion of water entering the catchment as rainfall that leaves as 0 > 10 15 20 25
runofrt.

and temporal scales and, in particular, cross-scale interactions Rainfall (mm)

and feedbacks. Thus, the primary objective of this research is to | | _ |
determine how urban ecosystem structure affects the Change in runoff response with change in spatial scale for an event on 5" October 2010

spatiotemporal characteristics of the horizontal and vertical 250 400
components of the urban water budget, and how they are 140000 - SAREICEUCIRINENS 125.3 ha wash and
influenced by: 1) the hydrological budgets of single landscape [ 200 | 300 | retention basin
SURFACE RUNON SURFACE RUNOFF . : . . . . 120000 -
units; 2) the aggregate behavior of multiple spatial units, which 150 _
IS manifest in the form of the small-scale surface runoff __ ow J @ 200 |
response; and 3) the connectivity of flow through the catchment, "’E 100000 - | s
determined by the type and extent of stormwater infrastructure 3= Mixed 50 | 100
DRAINGE THROUGH  and its spatial form. 5 ©0000 - Stormwater . /\ 7\ NIAN
STORMWATER g Infrastructure 05/1o|14:60 | 05/1OI18:60 | oé/1o|22:60 | oé/1o|02:c 05/10114:60 | 05'/10118:('30 | 05/10122:60 | oémoloz:o
INFILTRATION /| NETWORK 3. STUDY AREA = 60000 - 1200 _ 5000 —
our study area is in the Indian Bend Wash Catchment in E Wash o 65 ha wash infrastructure . 2074.4 ha mixed infrastructure
Phoenix, AZ (Figure 3). Post-development conditions include (@ 40000 - Street | u i .
ROUNDWATER RECHARGE natural or low-density development in the upper basin with drainage \ Pipe ~ 3000 -
| | _ — minimal stormwater infrastructure, and more heavily urbanized 20000 - - / Wash and oL oL
F_Igure 1. Key h)_/drologlc_:al processes in a semi-arid url_aa_m ecosystem. Structural characteristics ofa gnd developed stormwater infrastructure in the lower \. O _—rete ntion basin 400 1
single spayal unit (a residential home) _and human de_C|S|ons gbout.water use Qetermlne_ the amount catchment. As a result, this basin provides a suitable spatial 0 | o | - k o
of ET, infiltration and runoff generation. The spatial configuration of multiple spatial units (in . .
residential, commercial, industrial areas), in terms of their structural characteristics and their domain for the_ pr_oposed_research, as It encomp_asses the 1 10 100 1000 10000 10000 005,10'14:60 L A B e s e e
hydrological connectivity via major drainage lines (such as streets, stormwater pipes, and surface €ffects of urbanization (of different forms) across multiple spatial OSMID 1400 0101800 0OMM0 2200 0610 02:0
channels) determines the propagation of small-scale ecohydrological activities to broader spatial scales. At the largest spatial scale, the Central Arizona Project Contributing area (hectares) 0 106.4 ha stormwater pipes 0000 ATDO e i (Hfrastrogiare
spalc_es. .The redi_stribution of water within the ecos;_/stem affects surface run_off and the_ spatial (CAP) canal effectively splits this catchment into two, such that . 5000 -
distribution of deliberate water use (e.g. irngation), which further affects the spatial characteristics of  the ypper and lower areas are largely hydrologically Figure 4 (above). Scatter plot showing the relationship between the contributing area and 4000
vertical fluxes (infiltration and ET). disconnected. Runoff from the northern region IS retained in a total event runoff for 6 catchments for an event on 5 October 2010. e ag— o 2000 |
large-scale retention basin upslope of the canal (i.e. two golf Figure 5 (right). Hydrographs for each of the 6 sites shown in Figure 4. = =
Maricopa Flood Control Division monitoring sites courses). Our study sites are located south of the CAP canal. _ | 500 - 0
I ik e | Irrigation in this region constitutes a major water input to the The total amount of stormwater runoff shows an overall increase with an 1000 -
ksl | system, with typical residential and commercial water Increase in spatial scale. However, Figure 4 clearly shows the complexity of e o T
= : application rates from drip systems of ~80 to 200 cm/yr, which runoff response that is induced by different types of stormwater infrastructure URARSIAZE0 IR NIENE: Mol cEsat SErt e 6\\0\»:QZ\NQ«ﬂ?’Z\\QQ@Z\@\u-QZ\\Qrﬂ-“i\\QQGSQ
om0 I @ allows for wide diversity of vegetation that would otherwise not ~ at smaller spatial scales. ST T T e
o s be possible under natural desert conditions. Twelve stormwater _ _ _ _ .
e gauging stations are located across a large range of spatial At_ smaller spatial scales the runoff response IS rellatl\(ely flashy for catch_ments where rur_loff IS efﬂmently c_onvey_ed through the channel netwo_rk
scales, from <5 ha to >15000 ha, for the purpose of measuring (Figure 5). However, for the wash and retention basin site, the hydrograph S less flash and is not characteristic by high rates of flow. At larger spatial
A = horizontal fluxes in this urban ecosystem. At the smaller spatial scales, the hydrograph s are not as flashy and are not characterized by multiple peaks.
1 ‘\ . X scales (<100 ha), sub-basins were selected to represent
VA 14{ _ Stormuater nfastucue homogenous stormwater infrastructure, including areas that are 5. _SUMMARY o | | | - |
e /?’5 — primarily served by stormwater pipes and others that utilize the  During our first year of _monltorlng the runoff response Iin these nested catchments, we have revealed some interesting dynamics, in particular the
m/ “:' ] " i natural channel network for stormwater disposal, some of which  vastly different hydrological responses from catchments with differences in stormwater infrastructure. Future research plans include installing three
< [ A . DI storsge besins are interspersed with retention basins. more study sites to chargcterlze more fully the d_lfferent_types of stormwater infrastructure across dlffer_ent spa_tlal scgles, and to monitor a wider range
L mf \(?! y S s Figure 3. Location of stormwater monitoring sites within the Indian of r.alnfall-ruanf events In both summer and winter rainfall seasons. Future research endeavours will also investigate more fully the effects of the
f/ 0 [T v Bend Wash catchment, in central Arizona. Flow gauging stations that  horizontal redistribution of water on other components of the water budget, such as groundwater recharge and evapotranspiration.
‘@J [/ S s are part of the CAP LTER stormwater monitoring net\{vork (rec_l squares,
The CAP canal which ﬁw“j . i‘:’:p:r'a'"ga‘e center map) gauge flow fr(_)m _catchments across multiple spatial scales,
hydrologically disconnects s AEd |l Vel Gutter from catchments with contributing areas of <5 ha up to >15000 ha. Other
kL - Hagel T gauging stations operated by the Flood Control District of Maricopa County
part. =i AR SNSERS (blue squares) add to this network, providing a detailed spatial coverage of
JEmAR ek i TS i stormwater monitoring in this catchment. The insert shows a close-up of
o 25 s 10K"ometer';‘7gj / two nested sub-catchments (20 ha and 100 ha) within the Indian Bend
e 7 ‘ Wash catchment that are currently monitored, which typify retention basin

and wash stormwater infrastructure.




