%‘ o EEREAM Evaluating the Potential of Irrigation for Mitigating Urban Heat: Trade-oft  ASY |EAN | MEET'NG
Arizona State LlNJ UNIVERSITY OF SCIENCE between Water Use and Heat M|t|gat|0n CapaCity :H‘!“g“,g San Francisco, CA | 9-13 December 2019
University AND TECHNOLOGY Chenghao Wang?, Zhi-Hua Wang?, and Jiachuan Yang? Session: A21P: Interdisciplinary Sustainable

E-mails: cwang210@asu.edu (C. Wang) Solutions for Urban Areas Il Posters

1School of Sustainable Engineering and the Built Environment, Arizona State University, Tempe, AZ 85287

zhwang@asu.edu (Z.-H. Wang) 2Department of Civil and Environmental Engineering, Hong Kong University of Science and Technology, Hong Kong Abstract Number: A21P-2840
/ 4 : : ® : : : (4 : : ) )
Background and Motivation ( Urban Irrigation Water Use and Cooling Effect ) Efficacy of Urban Irrigation in Extreme Heat
Urban irrigation: a climate adaptation and mitigation Strategy . | ‘%eenario 3 - irrigation/deptj;ﬁl = | %eenarlo 4 — |rr|gat|on/deptIL e Extreme heat: a climate ana|ogue (future C|ima’[e)’
. Effective in cooling the built environment TN N (N IR " The most extreme fieat wave: 1200 UTC July 10900 UTC &
L N — T AP TES e N — Ty ased on 7-day moving windows, exceeds ercentile
e Large uncertainties in the trade-off between water use and heat AN ) L AN 2D 40N A | — AN T y J - P
mitiaation capacit . L et R VP R B O GRREY T St R VP Wty B  Surface temperature increase: positive anomaly = Ty o= T norm. 0
I Paclty = . . 30N N T e N 5 oy e » Additional cooling = (Tyw o—Tuw 4) — (T —T ) (for scenario 4)
 Dependence on irrigation scheduling, watering amount, and Lo\ — = T LN R S S HW, 0 ' HW, 4 norm, 0 ! norm, 4
geographical and climatic backgrounds 30°N— R |- el NN 30°N- R e Y 9 . . . . . — 9
. TN | e N L A B Surface temperature increase 5
. . ] .. . \ B A s L o, ! A B R 4 e 8 | e 4 8 3
Research objective: guantify the trade-off between irrigation water use and 25°N— ' ) 25°N— % R g N oy R -fe%th;ﬁQﬁ' surface temperature | © &
. . . . . . . ; : -1y, wey O 7L 17 8
the cooling effect it can provide in various climate regions -- /—«L’;" Southwest = 11.07, Northeast = 14.41 mm day > - < S
_ o _ | | | | = | — — | T § 6 6 ©
Urban water capacity: average irrigation depth per degree of urban 120°W 110°W 100°W 90°W 80°W 120°W 110°W 100°W - tion o 80°W 5 . -
i i -1 o(C>- | T [ I e [ [ [ . > £ 57 2
temperature reduction (analogous to heat capacity) [mm day—t °C—] T e T e g o (mmaay) o S
2 4 4 2
e Daily mean irrigation depth: 3.47 — 13.46 mm day~ (four scenarios 3 2
Methodology y mean imgation depth: < nm day™ (four scenarios)
_ o Spatial variability: difference in urban fractions, evapotranspiration, and groundwater recharge reP , 't
Coupled WRF-LSM-urban modeling system: ~ _ _ _ _ - s 2
: Scenario 3 — surface temperature chang Scenario 4 — surface temperature change | a T 115
« WRF-ARW version 4.0 45 y— i 1 — y— i i S5 . + & i i + o + ________ |2 o
« Simulation domain: contiguous U.S. (CONUS) — 8 climate regions Sy S SRS IR SR> T\ T A » , | , , » A Near surface air Y
« Resolution: 5-km, 32 model eta levels, 3-hr outputs A R S A EY R RS (A SRR o= | | R S F Fo F § Lo & e — _Temperature
 Initial and boundary conditions: 6-nh NCEP FNL operational global 35N SN Y s A 359N — S e T Y . O N N NS
analysis data at 1° o N T el A B e T &9 &°
seon GEI) B ﬁ@ e« NLCD 2011 + AL BRI R Vs RN B R v * Intensification of irrigation-induced cooling is in line with positive
Lxiky m S o v ’ MODIS + NUDAPT 25°N f;ﬁ 25°N— W o «‘;\ temperature anomalies (greater reduction)
d Plair ‘ : " - N\, . o o N\, . . o .
40°N — w‘ﬁ A‘-'& (major cities) O, Southwest (3.74 °C), Southeast (2.88°C) ~___ "7:~ « Potential of urban irrigation in combating elevated thermal stress under
- I | I I | I | I I I .
% ‘- ('§'T°§Eh?,,§3t e Unified Noah land 120°W 110°W 100°W 90°W! 80°W 120°W 110°W 100°W 90°W 80°W future climate
a5 - crey P | - - -
West b oFi, T, W) L surface model + TR change (° . Relatively consistent urban water capacity under both normal and heat
(CA, NV) . B - - - . .
S (AZ,CO,NM, UT) single layer urban L . _
— ~ South car?opy %O del . Greater amount of irrigation — higher temperature reductron Scenario 4 wave conditions (proportional)
(AR, KS, LA, MS, OK, TX) ] ] . ] ] ] W
. * Intra-city variability: less cooling in urban cores, smaller area of surface cooling | Conclusion and Perspective
25'N = . . e Scenario 4: surface cooling = 3.04 °C, near-surface cooling = 1.86 °C P
: \ outheas ] ] ] ] ] .
NN SRR « Cooling due to: increased soil moisture, decreased sensible heat, changed y§\ 5 » We proposed the use of urban water capacity to ease the
120W 10w {00 W S0 S0y latent heat, increased ground heat (higher thermal conductivity) “surface  near-surface comparison of the trade-off between water use and cooling effect

among cities and regions on the same ground

Urban irrigation simulation and scenario design: - » Effectiveness of urban irrigation in alleviating thermal stress
Urban Water Capacity an g | Y
e« Three summers in 2012—2014 » Urban water capacity iIs a convenient measure for urban planners to
. Five scenarios (control case 0 and irrigation scenarios 1-4) 5 "8 Moat fg'ﬂus — 18— :g;fﬂeaﬁ 18 USTS; va;’:St_Oh'o Vi'[ey e Scenario 0 (control assess environmental and economic co-benefits
L . . e |p<0.0001 p < 0.0001 » p < 0.0001 - ® Scenario 1 » Operational uses under current and future climate (e.qg., irrigation—
Daily irrigation duration |Local time Threshold € 12 L - 1 1oL % 1 4oL | e Scenario 2 . .
. . = ’ + @ Scenario 3 COOllng ConverS|on)
O | No Irrigation a @ Scenario 4 : : . :
111 b riaht T Cield . S 5l ) 6L _ 6L _ » Caution needs to be taken for arid or semi-arid regions
nignttime : Ield capacity 5 & 134 & « R2>0.96 for all climate regions > - b ol smulat
212 h daytime, 2 h nlghttlme 0900_1100, 2100-2300 Field Capacity ."g) 04 L | IF\’2=0I.9969 0./,’ | | R? = 9.9998 0./,’ | | R? = 0I.9986 [||near regreSS|on] Future |mprovement of the numerical simulation
3 |2 h nighttime 2100-2300 Porosity =0 1 2 3 4 o1 2 3 4 o 1 2 3 4 :
4 |2 h daytime, 2 h nighttime |0900-1100, 2100-2300 | Porosity S cowS . nomess ., Uppermuestonovaley  surface < near surface cooling Acknowledgements
I 7. 16 . | =7.23 . I =7.21 ) : - : -
 Irrigation depth of urban grid = Irrigation volume / grid spacing? ‘2 ;S;ch?oom + b < 0,000 + b < 0,000 ‘} * For surface cooling: lowest The authors would like to acknowledge high-performance computing
. Cooling effect: surface / 2-m air temperature reduction % 12 | ST 4 12t + 1 12t } e water capacity in Southwest, but support from Cheyenne provided by National Center for Atmospheric
3 N _ | _ AL _ highest in Northeast and Research's Computational and Information Systems Laboratory,
' c ¢ o sponsored by the U.S. National Science Foundation.
Model Evaluation g | oo A reoow| A ot fléur:heastt N P y
2 0e———""— 06— —1—r -’ —————— « Higher water capacity in urban
: IR = 0 0.5 1 1.5 2 0 0.5 1 1.5 2 0.5 1 1.5 2
Station measurement (air): . 2-m air temperature reduction (° cores (urban oasis effect) References
e 135 stations from Global Historical a0 | =096 wa a v@% & ﬁu b v@b S ﬁu o
Climate Network-Daily database (64 | . o . i — ) . _ Wang, C.,_\/_Van_g, Z. H., & Yang, J. (_2019). Urban water capacity: Irrigation
urban, 71 non-urban) 5 AR I8! N TN for heat mitigation. Computers, Environment and Urban Systems, 78,
O ® N— SR iR Eaes IREEEES RS SR 29 «f‘ﬁu N— [ ~ RER Ser a? ‘thu 101397.
+ 1=0.926, RMSE = 2.16 °C < : - B ERR Gy o SO T e A |
g | Y A T g T A T e Wang, C., Wang, Z. H., & Yang, J. (2018). Cooling effect of urban trees on
Remotely sensed data (surface): £ : o poumest o N\ — L N e o v\ SN e the built environment of contiguous United States. Earth’s Future, 6(8),
| % 10 ) r: . © Northwest 30°N— B “ R R !_ 30°N— 3 « B R & 1066-1081.
o _= - 0o ¢ ° o Northeast - Ll AN SRS e PRY R B G RS RS < RS B S : : T .
gﬂaozcl)fzozirtlgsl;ﬂYDlle Sokm. 8 | RETST o Souteast o Upper Midues | % R v ' %\ Oke, T. R. (1979). Advectively-assisted evapotranspiration from irrigated
; y oe pJ v 2 2012 (min cloud ol & N Rockies and Plains 25°NT \ *‘%ﬁ 25°N f;.\ urban vegetation. Boundary-Layer Meteorology, 17(2), 167-173.
e June 25-July 2, min clou A Alne | 4,52 mm day-! °C-2 ~ N, . 7.27 mm dayt °C-1 - N\, . . . .
B y i ( ) ) e T e | y\|> 3 | | o | y\|> S | | N Hallegatte, S., Hourcade, J.-C., & Ambrosi, P. (2007). Using climate
* r=0.3970, RMSE =3.35°C D e (g? 9 120°W 110°W 100°W 90°W 80°W 120°W 110°W 100°W 90°W 80°W analogues for assessing climate change economic impacts in urban
[ TN [ U NI \ater capacity (mm day~' °C) imati _
L y \ — S T / L areas. Climatic Change, 82(1), 47-60. y




	Slide Number 1

