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Climatological and hydrological models typically 1gnore anthropogenic irrigation, e —n  S¥,6- | — | o ' e .
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despite its notable effects on water, energy and biomass conditions. This omission IRRIGATION o Hy = 015 1030 1026 Kl | - emy S .
1s noteworthy 1n semiarid cities, such as Phoenix, Arizona, where native and (Volume, Frequency, o 23 g: S:Z - 0'30 0'45 0'45 “ | | f.l | (combined 1rrigation and precipitation) as a function
exotic vegetation 1n urban landscapes are well watered, inducing changes 1n their Effective Area) —sv E oo | N 0. 15 0' s 0' 0 2 | 5% s | of total annual 1rrigation volume (held constant
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phenolpgy and productivity. To our knowledge, the impact of 1rrigation on urban * | , - "; i N i i THRR b[-] 1 0 b Pl . across all four irrigation schemes), partitioned
ecohygrology has yet to.be ad@resse.d in a quant1tat1v§ fashlon, partially due to a CLIMATE " : 0 M 20 o e T K, (mmrd) |1 10000 15358 o | | ' between runoff (Q), leak (L), unstressed ET (ET,),
general lack of appropriate soil moisture data from irrigated areas. Thus a rare SOIL MOISTURE | VEGETATION Optimizer Loop Number " o wm—w ——Tw o 150 Th0 ,
~ - - - (Rainfall, Wind Speed, , ' < . . . , . , Ey (mm/d)|0.01 10.20 10.20 Total Annuat Iegaion Voume (mm) stressed ET (ET;), and evaporation below the
and valuable opportunity for new avenues of research in urban ecohydrology 1S (Water Balance) STRESS Fig. 8 Progression of optimized parameter values Fig. 9 Optimized values with standard Z (mm) |50 200 1630 . ] | 00 | | = o . o
presented by the extensive soil moisture data from the North Desert Village Temperature, etc.) deviations among all model runs == o " . wilting point (Ep). The figure shows the partition for
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' Table 2 Parameter ranges

neighborhood, funded by CAP-LTER: soil moisture observations have been (clockwise from top-left) constant daily irrigation,

collected at the site for several years under multiple landscape treatments. This

study adapts a point-scale model of the soil water balance and plant stress, SOIL VEGETATION V, SimUIated S()il MOiSture Scenariﬂs

utilizing nearby daily records of potential evapotranspiration and rainfall as well
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monthly 1rrigation, and seasonal daily 1rrigation.
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(Under seasonal 1rrigation, applied quantities were

as metered irrigation data as model forcing, calibrated using the available soil (Porosity, Hygroscopic (Rooting Depth, Wilting [ | o . L o _ | e _ | . o . |
mOlSture data The Callbrated model Wlll then be used as a baSIS to Study the POlnt, Field Capacr[y, CtC) POlnt, IIltCI'CCptiOIl, etc) A A > In detGM1nlng the parameter Set fOr d mlnlmum RMSE, the Callbratlon 0 Total?r?nua]Irrigation\féﬂ?x‘l}le(mm) 1500 ’ Total.fgguallrrigation Vo‘gomoe(mm) 1500 thCC dS hlgh 1N Summer IIlOIlthS dS 1n the Wlntel')
sensitivity of soil moisture and plant stress on such factors as soil classification, g 2 | = ~ = = pr%gram ct:reated apéortoxm.latzlnyOO s;ts of thetmne f araﬁlef/rs.lThte (?ﬂz Fig. 15 Partitioning of water input for four irrigation schemes
vegetative cover, meteorological forcing, and irrigation amounts and schedules , , . . L . . 3 S 2|2 8|8 5 | SO11 MOISIUIE Was GEICiNe 10T Cach parameter set, Wi © 1 Swanddr
that (ot £ th dit found in the broader Phoeni Fig. 4 Conceptual schematic of modeled system used for this analysis. Solid lines show modeled interactions; G = 2|2 5|2 & |deviation on the mean daily soil moisture displayed in Figures 10 and 11. &
at are representative o ¢ conditions tound in - the  broader OCnIX dotted lines represent secondary interactions not directly considered (adapted from Rodriguez-Iturbe, et al., 2001). n[-] 025 lo60 1030 ‘/ II COHC]“ S101NS and Future Work
metropolitan area. Our results are intended to mmform water and landscape - o o1 e ’ = o IZI;]I“?III e -,2“"“~ o S ‘ - -2[;’."?." A f“l“\ 0 '
managers 1n making decisions regarding the relationship between water use rates . . . . . . . h L ' ' ' " 20 8 . . .. L. . .y .
S S . 5 5 P Y The analytical model used to simulate soil moisture at a point scale 1s adapted from Laio et al. Sy [-] 0.15 |0.30 0.26 g £| | Despite the substantial role on plant productivity that irrigation plays in semiarid developed areas, there 1s
and plant response for different landscape treatments, based on a quantitative . . T e o — | 3 s EREESTERNE | || o . L . . .
model. (2001) to include model forcing through historical precipitation and evapotranspiration data, as s* [- 0.30 |0.45 ]0.45 e Emiopeigpetnnt, | | & | b S still a great need for a quantitative understanding of the urban water budget (Pataki, et al., 2011). This study
well as water mput through irrigation. Daily values for potential evapotranspiration were obtained el 045 1075 10-60 e L W 2 e B calibrates d point-scale soil water balance model to avaﬂable soil moisture data,. s h1.storlca1
. . . . e b[-] 1 10 ]3.67 | E7 Ol e £ meteorological records as model forcing. The calibrated model 1s then adapted to include irrigation, in order
from the Arizona Meteorological Network (AZMET) site at Queen Creek. Daily precipitation S i ‘™ . L. . ..
. . | Hocted £ o o PhoenixM Cat Airoort throueh the National K (mm/d) |1 10000 |5358 | g to examine the partitioning of water input under varying irrigation amounts and schedules.
II. Stu dy Slte: North Desert ‘/ lllage tOtf‘ 5 Were coliccied lrom the ncarby bhoenix-iviesa a e.way . ITpo rough the INalona Ey (mm/d)[0.01 0.2 ]0.20 | g°2 2o Soi1l moisture under daily 1rrigation exhibited a much higher dependence on potential ET than on water
Climatic Data Center (NCDC), and from AZMET stations in Queen Creek and Mesa. Z.(mm) |50  [800 [630 | %o U W g 01 input (combined precipitation and irrigation), even with seasonal irrigation patterns.
Located at the ASU Polytechnic campus in | | Furthermore, the Soil Survey Geographic (SSURGO) Database was used to determine a soil RMSE — 10.1175]0.059810.0385| ot e e e e o T T I T I N RN LTI T Under moderate irrigation, the vast majority of soil moisture is lost through ET.
Mesa, and adjacent to the Phoenix-Mesa | classification of loamy sand for the entire NDV area. Figure 5 shows the soil moisture time series Table 3 Parameter values used Daily 1rrigation, as compared to monthly, showed less leakage and time below the wilting point, despite
Gateway Airport, North Desert Village for a site without irrigation, resulting from these model forcings, and from appropriate soil and | | ™ Figures 10and 11. Fig. 10 Xeric site (calibration) Fig. 11 Native site (validation) higher stressed ET. This could have the benefit of maintaining plant health while limiting productivity.

(NDV) 1includes four residential
neighborhoods, each with a different

vegetative parameters as published by Laio et al. and summarized in Table 1. Using the calibrated parameters, soil moisture resulting from irrigation can be plotted. Figure 12 shows | | Future work for this study includes:

S . | four 1rrigation schemes with the same total annual 1rrigation volume, with and without precipitation. : et : : it : TR
landscape and irrigation treatment typical of | . _ 2006 2007 2008 2000 2000 2011 gm M gm S p ) p Continued refinement of model calibration, including calibrating vegetative and irrigation parameters
the Phoenix metropolitan area: Porosity n_ |042]- ' ” T |l' "% LA I LR I Y T T T T T T T T T based on metered water use records at the irrigated sites (mesic, oasis, Xeric).
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Mesic (shown in green in Figure 1): turf Hygroscopic Pornt Sn [0.08 |- 10 E 5 1 . “ An examination of plant water stress as a function of the soil moisture time series.
grass lawns and shade trees with sprinkler Wilting Point Sw 011 [ 0= N MW MMJLJ\JM a & | An analysis of soil moisture and plant water stress as functions of soil, vegetative, and meteorological
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irrigation Stress Threshold s 1031 [- — 03 o i i i | parameters, as well as irrigation input, that can aid in sustainable water and landscape management.
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Xeric (orange): gravel base with native Py & — o | o at 2t - Transfer of knowledge gained to a more robust, integrated, fully-distributed model of urban ecohydrology.
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P S S S A el el ch Wl A8 R el R dll Sl 00 N Fig. 12 Soil moisture time series with four irrigation schemes, shown with and without precipitation forcing Rodriguez-Iturbe, 1., Porporato, A., Laio, F., & Ridolfi L. (2001). Plants in water-controlled ecosystems: active role in hydrologic

depth. Interception set at zero for native and xeric

sites (see Figures 2 and 3). R processes and response to water stress II. Probabilistic moisture dynamics. Advances in Water Resources, 24, 707-723.
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Fig. 5 Soil moisture time series with model forcing
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Fig. 3 Native site The simulated soil moisture series was then calibrated to the data from the sensor at the xeric site Relative Soil Saturation (%] Total Anual Trigation Volume (mm)

Fig. 2 Xeric site , ... , . , . . This study 1s funded by the National Science Foundation (NSF) through grant EF1049251: “Assessing Decadal Climate Change
Though the current extent of this study focuses primarily on the native and xeric at a d1§tance from the drip irrigation §ystem. I.\Iu.le of the ten parameters in Table 1 (mterc?ptlon j - Fig. 14 Average (above)and . | Impacts on Urban Populations in the Southwestern United States.”
sites, each of the four sites contains two soil moisture sensors at a depth of 30cm was still assumed to be zero) were adjusted within reasonable ranges, first manually to achieve a y | standard deviation (below) of 2 " /
) ’ . . . . . . £0.25 — ] . : . . Z 0.09} . . . . . .

recording volumetric water content hourly. The xeric site has one sensor installed visual fit to the data, then using an automated calibration routine. The shuffled complex evolution £ Seheme 3 d'ct{ﬂy S‘iﬂ ?n‘?lStt‘}fe as a f;ut{lCtltzn : Data for this project were obtained from the AZMET Network, based at the University of Arizona; the NCDC, hosted by the

: iy ' Ce : ' ' ' - £ of yearly irrigation input for the £ o National Oceanic and Atmospheric Administration; the National Resources Conservation Service’s SSURGO Database; and the
adjacent to a palo verde and within range of the drip irrigator watering that tree, m.eﬂ.loc.i de;eloped at the University of ASI‘]IEZ o (SCE EAA Duan’d GL al. 119?23 W-als us-ed o £ _ four irrigation schemes £ oo} North Desert Village experimel;t funded by the NSF through the Central Arizona-Phoenix Long-Term Ecological Research project.
and a second sensor at a distance (~20ft) from any of the plants and irrigation | | Minimize the root mean square error (RMSE) between the data and the modeled soil moisture o described in Figure 12. Vertical = % ou| ’
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outlets. The native site, which includes no 1rrigation, has one sensor adjacent to a tlIIl? Sel:les A 2-year qallb}‘atlon period was u§e€: from 1/1/2008 to 12/31/2009. The results of the = HHE TEPIEstris 10 u?e uszeOlg i — et | | Finally, special thanks to Luis Mendez-Barroso, Nicole Pierini, Hernan Moreno, and Agustin Robles-Morua for their support and
calibration are shown in Figures 6 and 7, and in Table 2. ! xere site m 2V10. - 2 |
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