UNIVERSITY OF

CALGARY Climate-Change Eftects on Groundwater Recharge in the Prairies

GLOBAL WATER FUTURES
SOLUTIONS TO WATER THREATS
IN AN ERA OF GLOBAL CHANGI

Amro Negm (1), Kabir Rasouli (» Masaki Hyashi ()
(1)Department of Geoscience, University of Calgary *Email: amrosayedramadanmoha@ucalgary.ca (2) Environment and Climate Change Canada, Montreal

. . . . R ' ' i » Total water content changes » SWE changes with PGW
Research motivations and objectives /> gpland model outputs compared to observat;cgrls | | \ > Soil temperature changes with PGW . 9 td 9 |
s YT | Twmp | Ta | [ °7 g » Depression model outputs compared to observations e y WIth PGW | e ol =40 { || Prosent --PGW| |} | —Present -- PGW
& 204 o oy b o | Lo oo | A o Do 602 0 ) 2 0 i L - O I TR 1 2006-2007 1 2007-2008
] .. : I T W T O YPTCAL T AL PR G TR T T S0 W PO A 40 T T O o 40 e : 1 | | T - W T Sl T A 1 e
* There Is a need to understand the response of prairie hydrological o E . 0l "‘“ \l .f ‘g M M' ,“g‘,.ﬁ L - £ 220:a)§ '»W]w'“w%&%izo HERE NNy 0 £ . v N
processes to climate change and their influence on groundwater [ sk e b A M —————— 50 :f':f'jﬁ-ﬁﬁﬂvﬁ%ﬁfﬁ‘&“ﬁfi"r'"‘*;".'Eia"i“*’"ﬁ"*'ﬁ'*f WEEDO %‘“}}*;r-al'«’*_f;f’fﬁﬂ-‘[ﬁ’fﬂ"'*"‘i‘“’ ke 0 B py—— ) 0
\ -/ z 0y 4 e | N Rt [ ERE 22090 UL | SRt RS o ~Present -
recharge. o . £ :g 4_40 | i i ¢ i i —AirTemp, ggﬂ- {_40 by v —AirTemp. | ?g as 3 10 75‘40 3 P2009_t2010PGW
\J‘J Caniads = 207 0.6 T—— = 06 = ] . L
* The Versatile Soil Moisture Budget (VSMB) model was used to | v 03 ggjié ggisg F o Do
Investigate hydrological process under the present climate (2006- S 202 £03 ] { I . — :
] = - h 2 o : . | —Present -- i |—Present -- PGW
2015). Moreover, the Weather Research and Forecasting (WRF) ~yrwr— E ol 0. 0.1 C g o] | T
model outputs with 4 km resolution for the present climate and F Northern Grea Plains % .10 0o N2l ST T T T T T 520 - rm YR
. _ 20 ~ SR (S S S AP S B A\ B B n : : : :
pseudo-global warming (PGW) conditions were used to model the ® Eddy Covariance S ] By oI IR VA RN ENE U a1k ﬂmu\ﬁ
future changes in hydrological processes in 2091-2100 it e £02] I RERR LRI SN 0 T
. = Snow survey line % " ] 0.1 7 0.1 7 5 540 ) lzrgjznzom ! | 20132014
Depression catchment “ 10 0 +—— 0 L A N A E£30 - 9 i_ | | ;f‘. : _i
* The objective of this study Is to understand how can the changes < Maximum pond area o T | | [SiSimuljtion (40-80) ci - Observation 60 cm osJol 1| TRSEDEEERETYNEE NOD o E M oA M g A s o 'F
: S : : . = g i A A AT A A =04 i i =041 NG PO ] ; g
In precipitation phase and air temperature, and soil moisture and £, ‘ FaY A s \i ;ig;; A ;igg IR IR AR I VI Figure 9 — The annual cycle of the soil ~ Figure }0 — The annual cycle of the Ml bt ot et
temperatures affect evapotranspiration, freeze-thaw, runoff, and CENPYe NS NS S NS LA N (N . NN S SEREN 019 | i - temperature in °C with soil depth in the ~ total soil water content in m3_ H}‘3 Figure 11 — Changes in (SWE) in the
groundwater recharge in the prairies using the Spyhill site near 08 T e o Spyhill site under (a) present climate with soil depth in the Spyhill site in - Spyhill site under the present (2006-
Calgary (Fig.1). oz a0 D Meters o Tl ECTEE N U E TN ENET RN (2006-2015), (b) PGW conditions the under (a) present climate (2006-  2015) and the PGW (2091-2100)
Fiqure 1 — Satellit hs for Sovhill site. including the location of 5% - %8; AR PR §8§ NN (2091-2100), and (¢) changes between 2015), (b) PGW conditions (2091- conditions. Note that 2091 in the PGW
gu — wdtellite graphs tor opynill Site, Including the location o Y o2 0 N 024 ¢ bl N h d PGW cli 2100), and (c¢) changes between the ds to 2006 in th
\_ selected depressions (GP, N12, G16 and G17) and instrumentations - 004 i i 0.0 & i ik the present an climates. : corresponds to In the present
! ! ; gi . 0ol ol g il iR present and PGW climates.
=5 i N DIJ FMAMI J AS O
Upland (b) Depression N = S g 2006! 2007 20121 2013 .
Assessment of the model performance @ 02 }4 » Changes in recharge under PGW 10
O 07 3008 5005 5010 3011 5015 3013 2014 2015 Figure 6 — Values of key variables for 2007-2007 (left) and 3. " Present Jf
> Groundwater recharge model 0 Figure 5 — (a) Observed daily precipitation (P) and mean 2012-2013 (right) seasons. (a) Observed precipitation, Under the PGW scenario, an increase in air temperature £ ° ] mPGW
daily air temperature (Ta), (b) observed and simulated snow simulated runoff, and air temperature for 2006-2007. (f) Same (Fig. 7) results in an increased the prominence of g} ] |
The VSMD s sl e blnce na aly b forsven s e e i oy sy s (0 2020 01 P Ll il over sl nddcrsed e o o Sl +
(five for. depression) with thicknesses ransins bet'ween 0'0.5 m and 2.0 m (Fig. 2). content 30 and 60 cm below ground ’surface in the Spyhill site 20F1)2-2013 | | - temperature and moisture (Figs. 9 and 10) and SWE 5 4 -
DepreSS]:OIl_focussed groundwater reCharge 1S e.Stlmated uSIHg t.he VSMB during the Simulation periOd (2006_2015). (Fig. 11) are affected as Well. The annual runOff E [} B _1j RN o B B e
Depressmn—Upland.System (VSMB.—DUS), which couples Ver.tlcal so1l water _ o amount decreases from 7.1 mm under the present S 2 -
balances of depression and upland simulated by the VSMB, via lateral runoff Hyd rolog|ca| Changeg under pseudo-global L .ﬁsenﬁtim climate to 5.5 mm under PGW. All these factors 5 "
: . - . . . z i . — WRF output , . ..
from uplands to a depression. R, R, warming conditions (WR F, VSMB simul atIOﬂS) e T ..\?«Rﬁ—ﬁﬁs cofrected influence the groundwater recharge to occur earlier in 0 5007 ' 5008 ' 5009 ' 5010 ' 5011 ' 5012 ' 5013 ' 5014 ' 20'1"5_
: : . : g s A the year due to the early snowmelt occurrence
> Evaluation of the potential evapotranspiration output of VSMB Figure 2 — Conceptual framework of VSMB- L . . . : Y Y : -
P P P P DUS model Precipitation and air temperature was monitored in the present . ' (December—February), with a lower amount of recharge g'g“re 12 _érsusi\évag{geéhf;?e GZUIT][?]'[ECI fromtfolt_Jr e and
.y . . . L . . . . . - 5 : - epressions (GP, , , under the present climate an
» Preliminary simulations showed that calculated potential evapotranspiration (PET) is relatively insensitive to climate climate (2006-2015) and compared to PGW under the RCP8.5 S 10 (h]; due to the reduction of annual runoff rate. Average thep PGW scenario. Each bar indicates the avzrage value of four
warming, as its temperature dependence is only reflected in changes in the slope of saturation vapour pressure — scenario for 2091-2100 (Fi1g.7). Climate model outputs were : recharge rate decreases from 4.9 mm y' in the depressions with 2 line showing the range of values. The dotted
temperature curve. Therefore, an option was added in this study to define PET using the Penman-Monteith equation. bias-corrected using Spyhill observations (Fig.8). I present climate to reach a 3.6 mm y'under PGW lines show the average value for the nine hydrological years
» Compared to observeld data, simulated E captureld the seasonality of vapour flux reasonably well (Fig. 4a), and had a . ” ; e &enario (Fig. 12). (2007-2015 for the present and 2092-2100 for the PGW).
MBE of 0.089 mm d-! and RMSE of 0.71 mm d! (Fig. 4b). ] | - . - 2 o
2 6 6 ; R — Ta: Present climate "*-‘* [ 100 E 2073 C l 1
10 4 | a) . Observatinn . Simulation :;*» aa;é}ixn , . ‘.: . :'/z { %‘ 10 A v.-r..:..‘:.... L " E: %0_50- Onc USIOHS
' ~ v e = 5 {RMSE=071. .. = . /& 5 ] W 80 7 ® ).25] . . : .
. 2 . R E O Y o * Hydrological response of a grassland site was assessed in the present climate (2006-2015) and compared to
. 41 % 3 s ] 2 0 E g pseudo global warming under the RCP8.5 scenario for 2091-2100.
0.6 - = 531 oANEER 3 - L3 £ 200 : oy .. : . .

N : %3 7 R A \ £ 10 L 20 £ z * Air temperature will increase, and precipitation patterns and soil temperature and moisture will change.
o “5‘2 ;f - 13 Mo ) A s o " f 100_ : 20l S T T N N N N * The hydrology of the grassland site will shift to a regime with less surface runoff and groundwater recharge
0.2 g 2o | o | o e r A A s o in the PGW climate compared to the present climate.

0.0 l l ‘ = =DC, 0 , ¥ o F X Ok % Zva * Figure 7 — The annual cycle of mean monthly precipitation Figure 8 — The annual cycle of precipitation, air
0 02 04 06 08 1 ) A A . and mean daily air temperature over 2006-2015 under present temperat d sol diation simulated b g
101 2 3 4 5 6 ) . . . . peraturc, vapour pressurc and solar radiation simulate
bulk S/, 2007 2008 2009 2010 2011 2012 2013 2014 2015 Obs. vapor flux (mm d) climate, observed in the Syphill site and simulated by WRF by WRF model and measured at the Spyhill site. There are A Agriculture Fnvironment H Alberta
Figure 3 — The optimized drying Figure 4 — Black dots represents observations and gray line represents simulations by model under PGW scenario for 2091-2100. wet and cold biases between the WRF model outputs and ALBERTA b@’bﬂ\) and Forestry b_m-. and Parks Lo Energy
curve (DCy,,) and the default drying  the VSMB model during (2007-2015). The right panel (b) shows scatter plot of the observations that were corrected by multivariate quantile INNOVATES =g Regulator

\_curve (DCpy) observed and simulated vapor fluxes. J \ mapping. /




