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l. Introduction Ill. Remotely Sensed Parameters V. Results Validation VI. Historical Land Cover Change Impacts

Rapid urbanization in Phoenix A set of remote-sensing-based surface parameters is retrieved from MODIS We combine MODIS and GOES LST product to validate the VIC simulation and . Extensive urbanization (more than 565 km?) from 2001-2011.

Metropolitan Ar PMA) is .- Figure 3), including: find a good match in the year 2012. S . . . . .
kneoV\(/)np(t)o iampactevjate(r and) enS ( A?b d )MODIS I?/ICD43A3 16 day, 500 A) S g tial Pattern C oar ith MODIS + Significant changes in fand surtace blophysical properties (Figure 11).
- . edo. : , ay, m; atial Fattern comparison wi : :
erav dvnamics due to chanaes y (A) Sp P « Captures the LST change over induced by land cover change (Figure 12).
gy dy 9 . LAl: MODIS, MOD15A2, 8 day, 1 km;
In impervious cover, storm- ==| — o - N Rl | | ! : Total Areas
water ‘?n fostricture and land ,f e - NDVI: MODIS, MOD13A1, 16 day, 1km. 4 i e B, I B Categories (km?)  rercentage | | .. |
- [ Developed Open Space TR S S e 1 -
. u u. . . 2 . ;a‘x&i [ Developed Low.lntensity _ . . 33.8 _-1_‘1 -| - -I Lt ': l '. 55 — | Open Space 11418 145%
scaping. Meanwhile, increasing | | | moseimeartan ey s  ————— 05 ————vegetation Fraction — 3.6 , bt S el || Developed Low 231.47 29.5% o B8 -
Sy T s I Barren Land ro . _ . R il I | . )
extreme events SUCh aS heat 33°N bt .> X i i -E\_/ergreen Forest p ] r—'l . -._. . 150 1000 Deve|0ped Med|um 25735 328% ad =
d floods int t with ; e w ggﬂﬁglgzizt 08l _ 0al | +Shl’ub 33.4 . : ol _ Developed High 27 33 9.9% 33 , 33 Y aes 02
waves an 00ds Interact wi gg;fj::?:gerbaceous 025 1 Urban . ¥ = -t : | Shrub 32 67 4.2% i o I‘D-4
Iand use and Iand cover ugu?(m : . g%gﬁjﬁeﬁz M 33 0007 | Crop 28.64 3.6% 1125 112 1115 1125 112 1115
(LULC) Change, h|ghl|ght|ng 3230 o n o | n [0 Emergent Herbaceous Wetlands 02" - 328 40 a 1 Table 3. New land use categories during 2001-2011. I—Tigure 1’!_ Ch.ange of impervious surface (left) and vegeta-
the importance of Clty planning e e e T | 200 | _ tion fraction (right) from the year 2001 to 2011.
) . : : 32.6 [ i - | . | : : :
infrastructure development and Figure 1. Phoenix study domain and the NLCD land Cover . "B 4 1128 124 412 1116 1128 124 412 1116 * % 5 0 5 10 il Winter,Daytime . 2 s % S"!T_mer’na}"t'me. — . 3
mitigation actions. Figure 7. LST (°C) spatial distribution between MODIS (left) and simulation (right) at daytime, June 2012, with error 1 a5 By o A ‘i P
: : : : : o O T O histogram (right) at MODIS Terra over-passing time. | 2 oy Al
In this work, we use the Variable Infiltration Capacity (VIC) land surface hydro- FEFEP T IPRLIE SO EL T I RPAPSE TR IR P PR T istogram (right) verpessing o 155 | . . BBk
logic model to investigate the effects of LULC and climate change on the hydro- \Ij;griL;rs”Iii.y'l('iorgz Zte::;a(r); r;er:l/?atﬁc-)s;]e)nsing based parameters over different land cover types. Shaded areas denote spatial . VIC captures the urban-shrub-crop contrasts of LST. 10 10
. . . . : _ _ - -1
climatic dynamlcs .m the PMA. We gse the L.an.d Suﬁace Temperature (LST) as . In average, VIC underestimates the LST by —1.4 K during the June. 33 P [ 33
our model calibration target due to its association with Urban Heat Island (UHI) | | ."2
and the availability of remote sensing products. Results from the comparisons - Underestimate LST over sparsely vegetated shrubland. 125 12 a1is | 2 1125 12 s 3
are discussed in light of the utility of remotely-sensed LST for testing distributed The bias of the LST differences between VIC simulations and MODIS observa-
hydrologic models in capturing the LST over different land cover types. (A) LST Spatial Pattern from MODIS tions over major land use categories is further examined. ol Hinter.Nlghtime B o
6 : : : : 6 : : : :
(a) —&$— Daytime,Winter (b) —3$— Nighttime,Winter 3
+Daytime,Summer +Nighttime,Summer -Daytime | i
| — ' il _ ' 2| |EEENighttime 5 [ e
o i i i i z) 5
Il. Methodology > 2 2 g - N
S | ®
= o
: : ' filtration Capacity (VIC S Of 0 o °
Hydrologic Model setup: g A 5 = A, g, 1w
C : : : = O _ 112, 11 111, 112, 11 111,
The distributed hydrologic model used in this By el Vegmeatom Coverao o -2f 2 > 12.LS EEﬁ’ : (°C) : ( 20511 22001) : (left)
. . . . Cell Energy and Moisture Fluxes (75 = 1 Figure 12. LST differences (°C) between two experiments (Exp -Exp during winter (left
StUdy, Variable Infiltration CapaClty (VIC) — 4t | 4t L 2 and summer (right) season, averaged over daytime and nighttime.
model release 5.1 (Liang et al., 1994; Ham- 3
. . . D AN NS Q
man et al., 2018) (Fig. 2, up) has been modi- | /777" = 1 - 6 : o & &s\\*& K oS &
. G " . . 2 " Variable Infiltration Curve ' ' . ' ' ' ' : N O > 1 1
fied to a “clumped” scheme (Figure 2, bot- ] e 005 01 015 0.2 018 02 022  0.24 o S & S VIII. FlndlngS and Future Work
t t | t for b il szl ‘R § "la, \ Vegetation Fraction Albedo >
om) O more .pr(.)per y account 1or bare soll In Layero£¢ gio:"*':’ i Figure 4. The variations of MODIS LST departure from domain mean on each land cover, versus (a) vegetation fraction Table 2. LST biases at Aqua overpassing time (01:30 AM and 01:30 PM) between VIC simulation and MODIS observa- o _
arid and semiarid ecosystems. Layer 1| A ¥€ . , in the daytime and (b) albedo in the night time, for summer and winter season | tions over major land cover categories in the year 2012. « Combining LST products from MODIS and GOES is a useful approach to un-
— ) OOAaAa'.onalArea1 ’ | - 1 1
—_— }?LQ\ . o . Daytime LST difference between different land covers is correlated with vege- (B) Diurnal Cycle Comparison with GOES derstand the spatio-temporal variations of the LST and UHI.
- . Baseflow Curve . . . . . . . .
Forcing Datasets: )\; tation fraction. ——— o Lo Donsty e Hodtum Dener . The spatial distribution of LST over the study domain is strongly controlled by
. : . : 3 . : : . . 60 , 60 - 6 : _ _ _ _ _ _ .
° HlStorlCaI SImUIatlonS ggi Rs ° nghttlme LST dlﬁerence IS mMore COntrO”ed by the albedo. 2 . i - Vegetatlon fractlon durlng daytlme, Suggestlng the eﬁectlveness Of Vegetatlon
. _ . . : W R . O O O ‘e . . .
Dallydpfrempligtlonr,] tetmf)e;a(;u:;e ang W:[nd yor 2608 i, W (B) Diurnal Cycle of LST from GOES - . 4 \ cover on mitigating excessive heat in urban.
sSpeed 1irom Livnen et al., Product. - - - -
. . Plant Spacing °0 ! ' ' ' ' ’ . idati ' ' i
. Future simulations: ) p g, : Rl = _ 200 o N 200 o The validation of VIC simulation shows that the model could capture the spati
: £ Shrub T :
LOCA downscaled climate projections f, .'* (1-f,) K | fe=crop Lower daytime LST Local time Local time Local tme |~ GOES|| , \/|C captures the timing of otemporal variability of LST on different land cover types.
: . - * Urban High Density Shrub Crop | *VIC . _ _ _ _ _ _
(Pierce et al., 2014) I_A_Iff : s B T Eqoi 15 over urban areas. * % * minimum and maximum . The accuracy of simulated LST can be further improved by introducing higher
. . . | : §
. Forcing disaggregation: iy v 1 ‘ T 40 . Warmer Nighttime in < 40 < 0] < 40 temperature. resolution remote-sensed products (e.g. Landsat) to derive land surface bio-
i i i : = Z Z X |  The simulated daily maxi- . o .
Meteorology Simulator (Metsim), release 1.1 : ' 35 urban areas, suggest- _ y physical parameters, especially in urban regions.
(Bennett et al., 2018; Bohn et al., 2013) . . ing a nocturnal UHI. 20 20 20 mum temperature matches
_ _ : 0 10 20 0 10 20 0 10 20 : « Wi i ilt i i i i i
Estimates hourly inputs (short- and long- ] . Different warming and o o o well with GOES. With better confidence built in historical modeling performance, the combined
C , _ . : : 5
wave radlatlon, vapor pressure). : 20 e . . . . COO|Ing rates between Figure 8. Diurnal cycle of LST over different land cover types between VIC effects of land cover and climate Change will be evaluated using future cli
: 00:00 04:00 08:00 12:00 16:00 20:00 urban and non-urban simulation and GOES observati.on., averaged over Summer, 2012. Shaded mate and Iand cover Change Scenarios.
Local time area denotes one standard deviation.
Remote-sensed LST products: Figure 2. VIC hydrology model (up) and the sche- Figure 5. Average hourly LST of three different land covers during summer, 2012. dl€as.
_ _ matic of clumped vegetation scheme (bottom)
« MODIS (4 times a day, 1 km resolution)
. C) Comparison of MODIS and GOES Product '
Processed through the R package MODIStsp Version 1.3.2 (L. Busetto and L. (€) P VIl. Future Cllmate Change ImpaCtS IX. ACknOWIedgementS
Ranghetti, 2016). January 2012 June 2012 . T . : T ™ ] This material is based upon work supported by the National Science Founda-
: - : . , 1 - 2f - - £ : :
. GOES (hourly, 5 km resolution) | “F | JHHUUUHUUHUUU UUHUU UUH UUUU UHH UUU UU HU HHHUUUH LMS s tion under Grant No. SES-1462086, DMUU: DCDC llI: Transformational Solu-
] ] ® 15 a5} 33.5p 300 & . . . i . . .
Downloaded from the Copernicus Global Land Service of the European Space : | L i Lioo 3 tions for Urban Water Sustainability Transitions in the Colorado River Basin.
Agency (https://land.copernicus.eu/global/). i ° —TAGCESS 1°%° £ Any opinions, findings and conclusions or recommendation expressed in this
£ [ [piacoess o material are those of the authors and do not necessarily reflect the views of the
0-24 ] ] ]
. . . “f g National Science Foundation (NSF).
Numerical Simulations: 3. <
« Run and calibrate the VIC model with remote-sensed LST in year 2012. ~ £ 2
: : : s 20 |-
o Investigate the effects of historical land cover change. = | | | | | | | | | | X. Refe rences
2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
« Evaluate future climate Change ImpaC’[S on LST, each simulation has 1 -year | Year 1. Bennett, A. J., J. J. Hamman, B. Nijssen, E. A. Clark, and K. M. Andreadis, 2018: UW-Hydro/MetSim: Version 1.1.0 (version 1.1.0), Zeno-
Spin-up period § 335 Figure 9. Projections of future climate from ACCESS-1 model averaged over the study domain. do, doi:10.5281/zenodo.1256120.
' P ;| ' ) 2. Bi, D., Dix, M., Marsland, S. J., O'Farrell, S., Rashid, H. A., Uotila, P., Hirst, A. C., Golebiewski, E. K. M., Sullivan, A., Yan, H., Hannah, N.,
- ’ : 34.0° o ACCESS_1 model (Bl et al.. 201 3) Franklin, C., Sun, Z., Vohralik, P., Watterson, I., Zhou, Z., Fiedler, R., Collier, M., Ma, Y., Noonan, J., Stevens, L., Uhe, P., Zhu, H., Griffies,
on 112 aiis ' ¥ - ' S. M., Hill, R., Harris, C., and Puri, K.: The ACCESS coupled model: description, control climate and evaluation, Aust. Meteorol. Ocean. J.,
« RCP 8.5 scenario, air temperature in- 63, 41-64, 2013
34 2 42 OC F t C t 3. Bohn, T. J., B. Livneh, J. W. Oyler, S. W. Running, B. Nijssen, and D. P. Lettenmaier, 2013: Global evaluation of MTCLIM and related al-
= s 235 ¢ creases <. ( uture - urren ) gorithms for forcing of ecological and hydrological models, Agric. For. Meteorol., 176, 38-49.
Exp2001 NLCD 2001 , MODIS 2001 E o SimU|ated LST inCreaseS from 1 8_3 (° 4 Busetto, L. and Rangh.etti, L., 2016. MODIStsp: An R package for automatic preprocessing of MODIS Land Products time se-
2001-2011 = + _ _ ries. Computers & Geosciences, 97, pp.40-48.
Exp2011 NLCD 2011. MODIS 2011 — —— C) across the domain (Figure 10). 5. Hamman, J. J., B. Nijssen, T. J. Bohn, D. R. Gergel, and Y. Mao, 2018: The Variable Infiltration Capacity Model, Version 5 (VIC-5): Infra-
’ MODIS | GOES 33.0° ‘COOIer, urban core than Surroundin structure improvements for new applications and reproducibility, Geosci. Model Dev., 11, 3481-3496.
Figure 6. Comparison of MODIS and GOES LST (°C) averaged for January and June, at MODIS over-passing time * g 6. Liang, X., D. P. Lettenmaier, E. F. Wood, and S. J. Burges, 1994: A simple hydrologically based model of land surface water and energy
(190 30 PM, 01 Pso AM, 10:30 AM, and 01:30 PM) Y ’ | PESIT shrubland. fluxes for general circulation models, J. Geophys. Res. Atmospheres, 99, 14415-14428.
Current NLCD 2011. MODIS 2011 2004-2013 ' o o ’ ' Suburban areas mlght have greater 7. Livneh B., T. J. Bohn, D. W. Pierce, F. Muioz-Arriola, B. Nijssen, R. Vose, D. R. Cayan, and L. Brekke, 2015: A spatially comprehensive
, . MODIS and GOES rOdUCt have Similar S atial attern Fl ure 6 - 126 112.9° 118" ¢ - . . hydrometeorological data set for Mexico, the U.S., and southern Canada 1950-2013, Nature Scientific Data, 2, 150042, doi: 10.1038/
Future 2051-2060 P patial b (Fig ) vulnerability to excessive heat in future sdata 2015.42

« GOES slightly overestimates nighttime LST than MODIS. Figure 10. Mean annual LST change (*C) between

_ _ _ _ . . 8. Pierce, D.W., Cayan, D.R. and Thrasher, B.L., 2014. Statistical downscaling using localized constructed analogs (LOCA). Journal of Hy-
Table 1. Experiment design of land cover and climate change impact study. two experiments (Future - Current). urban expansion scenarios. drometeorology, 15(6), pp.2558-2585.



