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Incorporating	
climate	change	into	
water	resources	
assessment	studies
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Modified	from	IPCC,	2021.

Change	in	global	
surface	temperature	
(annual	average)	as	

observed and	
simulated	using	

human	&	nature and	
only	natural factors	
(both	1850-2020)
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cl imate 	change

1.2	℃



Some key concepts

CMIP
Coupled Model 

Intercomparison Project

Future	
goals

IPCC
Intergovernmental Panel on 

Climate Change

Modeling	
Framework
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Climate	Change	
Scenarios

GCMs

GCM:	General	Circulation	Model	
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Representative Concentration 
Pathways (RCPs)
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𝑅𝑎𝑑. 𝐹𝑜𝑟𝑐𝑖𝑛𝑔 = ∆ E!" − E#$% → 1> 0 𝑝𝑙𝑎𝑛𝑒𝑡 𝑤𝑎𝑟𝑚𝑠
< 0 𝑝𝑙𝑎𝑛𝑒𝑡 𝑐𝑜𝑜𝑙𝑠

Graphic by Janelle 
Christensen. Retrieved 
from: 
https://www.climatehu
bs.usda.gov/hubs/nort
hwest/topic/what-are-
climate-model-phases-
and-scenarios

CMIP5

Cubasch et	al.	(2013)
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Shared Socioeconomic Pathways

8O’Neil	et	al.	(2016)
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CMIP6: Combination of SSPs + RCPs
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— How could all this be 
incorporated into water 

resources assessment 
studies?



Model selection
• Model	performance	in	study	area
• Climate	change	signal	based	on	raw	GCM

Bias-correction
• Statistical	vs	dynamical	methods
• Stat.	method	based	on	variable	nature

Incorporating climate change into 
water resources studies

R e c o m m e n d a t i o n s

Accounting for 
uncertainty • Model	ensembles



GCM 
performance
Different	based	on	topography	

and	region

Climate 
change signal

From	raw	GCMs

1 . 	 M o d e l 	 s e l e c t i o n

Pickler	&	Molg (2021)



2 . 	 B i a s - c o r r e c t i o n

Why is it 
necessary?

Ø GCM	resolution

Ø Not	representative	
of	basin	scale	
dynamics

Khan	&	Pilz (2018)



2 . 	 B i a s - c o r r e c t i o n

Dynamical 
methods
using	regional	climate	models	(RCMs)	or	limited-

area	models	(LAMs)	to	simulate	climate	
processes	at	a	much	finer	resolution	over	a	
specific	region	of	interest

Statistical 
methods
establishes	a	statistical	relationship	between	large-

scale	atmospheric	variables	(from	GCMs)	and	
local-scale	climate	variables		based	on	historical	
observations

Basin
(local-scale)

GCM	
(global scale)

Lucas-Picher	
et	al.	(2021)
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GCMs’	systematic	biases	are	
removed,	while	preserving	the	

projected	climate	change	signal
and	maintaining	the	statistical	
characteristics	of	observations	

over	the	historical	period.

Statistical methods
B i a s - c o r r e c t i o n  o f  G C M s

Bias-correction	with

quantile	mapping-based	
techniques

— What method should we 
use? How could we select 

the method?

Gupta	et	al.	(2019)



Statistical methods
B i a s - c o r r e c t i o n  o f  G C M s

Performance of the downscaled 
series is also different in the 

historical period vs future



Quantile Delta Mapping (QDM)

Bias-correction method for 
precipitation in arid regions

𝐹!,#
$ %&[𝜏!,# 𝑡 ]𝐹!,'%& [𝜏!,# 𝑡 ]

Cannon	et	al.,	2015.

∆!(𝑡) =
𝐹!,#

$ %&[𝜏!,# 𝑡 ]
𝐹!,'%& [𝜏!,# 𝑡 ]

3.	Relative	changes	in	quantiles	(∆&(𝑡)) are	applied	to	the	bias	corrected	
%𝑥':&,*:+ 𝑡

1.	Relative	changes	in	quantiles	between	future	and	historical	
periods	of	modeled	data	

2.	Future-period	quantiles	are	bias	corrected	by	the	inverse	CDF	of	
observations	(regular	QM	betweenmodeled	future	and	obs)

*𝑥(:!,':# 𝑡 = 𝐹(,'%&[𝜏!,# 𝑡 ]

*𝑥!,# 𝑡 = *𝑥(:!,':# 𝑡 , ∆!(𝑡)



Unbiased Quantile Mapping (UQM)

Bias-correction method for 
precipitation in arid regions

Preserves GCM changes of 
the mean and the standard 

deviation



Tools to support the 
decision
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climQMBC

https://github.com/saedoquililongo/climQMBC

https://github.com/saedoquililongo/climQMBC


Accounting for 
uncertainty in 
future projections

Range of percentages of 
changes projected within 
one scenario

3 . 	 E n s e m b l e s
Pfeifer	et	al.	(2015)

1. There is no recipe

2. The more members 
the better, but:

3. At least 3 (min, med, 
max)



Caso	de	estudio
Sa lar  de l  Huasco
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E j emp lo
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SSP2 4.5

Moderate 
challenges in 
mitigation and 
adaptation

↑2 –2.9℃

SSP5 8.5

High mitigation 
challenges

↑4 –4.3℃

Climate	change	
s c e n a r i o s

MODFLOW	
model

2100

p10 th

p50 th

p90 th

p25 th

p100 th

p75 th

Rainfall-runoff	
model

e n s e m b l e s

— Spectrum of projected 
outcomes per scenario
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Evaporación	desde	la	napa

↑		15	 − 75	%
en verano 

Presenting the results



Key 
Recommendations 

● Climate change incorporation into studies:
● Model	selection	based	on	performance	and	raw	GCM	
signal

● Bias-correction	method	based	on	the	nature	of	the	
variable	in	the	study	area

● Use	of	ensembles
● Provide	ranges	of	change



Improving	the	work	
done	to	date02
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Constraining Recharge Rates 
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Published Study

Method: - CMB- Multiple - Energy/Water Balance - Heat Tracing 

This Study
Boutt et al.

Salar de Atacama 

10 Terminal 
Lakes in Chile

Salar de Atacama
Upper Rio Loa

Laguna 
Tuyajto
Basin 

 

Salar de 
Huasco

Turi, Linzor
Basins

Arid Regions
Global 

Compilation

Lagunillas 
Basin

Laguna 
Tuyajto
Basin 

 

de la Fuente
et al. 2020

Marazuela 
et al. 2019

Herrera 
et al. 2016

Kikuchi
& Ferré

2017

Uribe
et al. 2015

Houston
2007, 2009

Urrutia 
et al. 2019

Scanlon
et al. 2006

- Basin-scale Measurement - Point Measurement 

Large	Uncertainty	in	actual	basin	
recharge

Boutt et	al	(2021)	documents	
these	estimates

Integrated	tracer	work	with	
infiltration	modeling	must	be	
explored
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Puna Plateau: Cervetto, 2012
Turi and Linzor: Houston, 2007, 2009
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Chloride Mass Balance Recharge 
Results

GWR = (1.3*10-4)*P2.3
R2=0.82
GWR/P = 4%



Salar de 
Uyuni

GWR– ETSdA-
ETHighElevSalars= 0

GWR = Groundwater Recharge from 
Precipitation
ET = Evapotranspiration
SdA = Salar de Atacama

Jordan et al., 2015

Steady State Regional Flow?3/18/24



TRANSIENT DRAINING OF STORED GROUNDWATER
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GWR – ET = Storage ≠ 0

Fl
ux
,E
le
va
tio
n

Time

Climate Dries, 
Water Table Slowly Falls

New
Steady
State

Groundwater Recharge
Water Table

Wetter Climate, 
Water Table Rises
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Recharge Is Most Sensitive To 
Climate Change
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Sprenger, M.et al. (2019). The demographics of water: A review of water 
ages in the critical zone. Reviews of Geophysics, 57. 

Common Environmental Tracers

3/18/24 32



Sprenger, M. et al. (2019). 
The demographics of 
water: A review of water 
ages in the critical zone. 
Reviews of Geophysics, 57. 

WHAT DO 
ENVIRONMENTAL 
TRACERS TELL US 

ABOUT WATER 
“AGES”?

Soil

GW

SW

3/18/24 33



Key 
Recommendations 

● Concerted effort must be placed on 
quantifying recharge to basin

● Multimethod	approach	must	be	used	
● Integrating	physical	and	chemical	tracers
● Developing	models	that	bound	possible	future	
recharge	scenarios


