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;Que son los rios atmosféricos (RAs)?

Los rios atmosféricos son zonas

largas y angostas en la atmosfera
que trasladan el vapor de agua desde  F& Foeriedareasd
los trépicos a las latitudes medias. . NS
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Son miles de kilometros de largo y
cientos de kilometros de ancho que
transportan mas humedad que el rio

Amazonas.
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I Sistema Frontal

Rio Atmosférico

Acompanan normalmente a los
frentes frios o ciclones extra-

tropicales. Afectan a las costas
occidentales de las masas terrestres. r—cm - :
umeaqa
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Vapor de agua integrado total (IVT)

; Estructura espacial de un Rio Atmosférico
Vapor de agua integrado total = |

Rio Atmosférico (RA)

|VT fTrop = % SBf(::Omb CIV; dp
IVT mide la cantidad de Mdéximo de IVT

humedad transportada en un
lugar determinado en Kg / ms.

Toque de

Un IVT de 400 se considera T
alto, pero a veces se observan
valores superiores a 1200.
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Rios atmosféricos y precipitaciones extremas

La nube orografica genera precipitaciones en forma de lluvia y nieve y a veces inundaciones.

Rio Atmosferico

METEOCHILE BLOG

SCRIPPS institution o 6 4 Center for Western Weather
OCEANOGRAPHY N and Water Extremes

' UC San Diego
/A




Escala de categorizacion (Ralph et al. 2019)
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RA2 "moderado” — mayormente beneficioso, algunos peligros

RA2

Region de Valparaiso a

Region del Biobio 25 Junio
2017

Precipitacion intensa
durante 3 dias, pero que no
produjo mayores danos,
aliviando parcialmente
déficit de lluvias en la zona.
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RA4 “extremo” — mayormente peligro, algunos beneficiosos

RA4

Villa Santa Lucia, Region de

Los Lagos 16 Diciembre
2017

Intensas lluvias, en
combinacion con altas
temperaturas provocaron un -
proceso de remocion en

masa (aluvion)
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RA2 "moderado” — mayormente beneficioso,

RA2

Montecito California
9 de enero de 2018

Intensas lluvias (narrow
cold-frontal rainband,
NCFR) después del incendio
Thomas provocaron un
proceso de remocion en
masa que causo 22 muertes
y danos de mas de 250
millones de dolares.
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RA4 "extremo” —

RA 4/5

Crisis de la presa de Oroville
7 de febrero de 2017

188.000 personas
evacuadas

23.000 miembros de la
Guardia Nacional
desplegados

Los danos econdomicos
directos superaron los mil
millones de dolares
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2017 Crisis de la Presa de Oroville

f0s Angeles Times
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Oroville Dam repair costs soar past $1 billion

Construction crews work on the main spifway of the Orowille Dam on Oct. 19 2017, (Lwis Snco / Los Angeles Times)

Oy RALPH VARTABLDIAN

Vano et al. (2019) Hydroclimatic Extremes as
Challenges for the Water Management Communit
Lessons from Oroville Dam and Hurricane Harvey.
BAMS, 100(1), S9-S14.




Rios atmosféricos y danos por inundaciones

SCIENCE ADVANCES | RESEARCH ARTICLE

ATMOSPHERIC SCIENCE

Atmospheric rivers drive flood damages in the western
United States

Thomas W. Corringham'*, F. Martin Ralph’, Alexander Gershunov', Daniel R. Cayan', Cary A. Talbot?

Atmospheric rivers (ARs) are extratropical storms that produce extreme precipitation on the west coasts of the
world’s major landmasses. In the United States, ARs cause significant flooding, yet their economic impacts have
not been quantified. Here, using 40 years of data from the National Flood Insurance Program, we show that ARs
are the primary drivers of flood damages in the western United States. Using a recently developed AR scale, which
varies from category 1 to 5, we find that flood damages increase exponentially with AR intensity and duration:
Each increase in category corresponds to a roughly 10-fold increase in damages. Category 4 and 5 ARs cause median
damages in the tens and hundreds of millions of dollars, respectively. Rising population, increased development,
and climate change are expected to worsen the risk of AR-driven flood damage in future decades.
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Rios atmosféricos y danos por inundaciones

 ARkStorm estimo los costos de una serie de eventos de 1/1000 anos
860 mil millones de dolares (2020 dolares) Porter, et al. 2011

* Estimaciones de costos de tormentas especificas
* California: enero—feb. 1995 £5b; enero 1997 £2.61 serie de eventos (Perry 2005)
 California: al menos 7 eventos > %1b de 1812 a 2011 (CA DWR 2013)
* Chehalis: dic. 2007, $202m estimado, > $1b declarado (Dominguez et al. 2018)

* Pero: no habian medidas consistentes de danos a lo largo del tiempo
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La Gran Inundacion de California de 1862

e Noviembre 1861 a enero 1862
e Serie de rios atmosfeéricos

* 3 metros de lluvia en un periodo de
43 dias

* El evento consistio en lluvia calida
sobre nieve

* Danos extensos a Sacramento

e s * Lasinundaciones se extendieron al
sur de California

EEEABGTON TN« FRANE. CAREROL,  Periodo de retorno estimado: 100-
Citp of Sacraments, (862, =
200 anos

Published by AROBENPIELD; SanFrancisco
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Fuentes de informacion

* National Flood Insurance Program (NFIP)
Pérdidas aseguradas diarias, por comunidad, 1978 - 2017
* National Weather Service (NWS) (Downton et al. 2005 ASCE)
Danos anuales, por Estado, 1983 — 2003

* Gershunov et al. 2017 GRL catalogo de eventos de RA
Integrated Vapor Transport (IVT) kg m™'s, 2.5° cuadrado
* Ralphetal. 2019 BAMS escala de RA
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Rios atmosféricos y danos por inundaciones

te €9 ' : . €N
Date Initial Initial n Days Max IVT | Claims Insured | Total . COStO medlo' $28 mrllones (medlana‘ $U)
Landfall | Landfall Losses Damages 0 ’ 7 g
Region | Latitude $m) | ($b) El 53% no causo pérdidas aseguradas
1/4/1995 | S.CA 325 11 922| 4725, 1258 3.7 o o
12/29/2005 |N. CA 40 5 781|  2554| 1176 35| ¢ Condicionado a la pérdida asegurada > O
12/29/1996 C.CA 35 8 1216 3407 1046 3.1
° . Q; . = . d\
e g - ] e e [ - Costo medio 560 millones (mediana 51.8
12/2/2007 | N.OR 45 3| 1214] 1447 839 25 millones)
2/15/1986 WA 47.5 5 826 2048 66.6 2.0 o . S
e e e ST T T s * Costomaximo estimado > &1 mil millones
1/5/2009  S.OR 425 4 787 1636 53.9 1.6 cada 3 a7 afios
2/1/1998  Bay Area 37.5 3 751 2417, 468 14
11/1/2006 | N.CA 40 70 997| 1184] 387 12/ ¢ 28 dias representaron el 50% de las
1/25/1983  Bay Area 37.5 5 969 1545 34.9 1.0 pérdidas més de 40 afos — 26 eran RAs
z UCSanDiego @ ZRNNOCRATY (& Sna water Bxtromes "




Rios atmosféricos impulsan los danos

Proporcion de las pérdidas aseguradas

e El84% de las pérdidas aseguradas en debidas a rios atmosféricos
los 11 estados occidentales fueron g
causadas por RAs. i J
@ @ ® O o -
] . i 094&0196 0/_86 0.74 0. 0.46 0.65 043 0.19
* Mas del 99% de las pérdidas s © @ @ & i
aseguradas fueron causadas por RAs 099 0.9 085 0.89 049 0.52 0.66 0.4
en muchas de las zonas mas @ @ o s @[ o
afectadas. . ‘:9.__". ? 05 071 0.23 o..ss Io.fa,_o.os . 0.09
0.99 l"\(\?.96 0. 032 0.3 0.22 0.01 0.01
* Proporciones menores pero aun & & N T 024
significativas de pérdidas aseguradas - ' . e " s 8 - - |
en el sur de California y Arizona 095 084 026 067 084 041 024 0.04
fueron causadas por RAs. ‘®-o. o ©

0.82 0.48 0.63 0.65 0.06 0.03 0.08
30/

-125 -120 -115 -110 -105
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Condado de Sonoma, 9 de enero de 1995

Sonoma County

1

IVT

1

IVT (kgimis)
2(110 400 6(1)0 800

1 Precipitacion

Precipitation (mm)
60
1

-170 18 -150 -140 -130 -12 -1‘10 -100 8
Russnan Rlver at Guernevnlle _
et : : | ¢ =1 Caudal NIVEL DE
8-1
3 INUNDACION
3 e e P P PR ) S N S N STy, E e
5 Y1 Pérdidas aseguradas
g o~
8 &4
B o
g |
1232 A23.1 4230 1229 122 e et = =N = —
SCRIPPS insniturion or Center for Western Weather

OCEANOGRAPHY and Water Extremes

z UC San Diego




Rios atmosféricos daninas y contadas afectadas

Damage from atmospheric rivers / 1978-2017

Most damaging events Sonoma County, Calif, $5 $5
e p— SeNaY. p—— Los Angeles County, Calif. $3 $3
mimbiaddctn B — ns e Lewis County, Wash. - 1979 $3 $3
T e - Marin County, Calif. $2 $2
Dec. 29,1996 Central Calif, S $3.) biltion

King County, Wash. m $2 $2
Feb. 55,1996 No. Oregon 3 $3billion

e : Sacramento County, Calif $2 $2

Dec. 2, 2007 No. Oregon L] $2.5 billion

Snohomish County, Wash, - 1818 $ $
Feb. 15,1996 Washington 4 $2 billion

Monterey County, Calif . 1253 $ $
March7,1995 So. Oregon 4 $1.8 billion
" 2008 i A SLabioA Napa County, Calif, [ [ES $1 $1
Feb.1.1998 Bay Area 4 1.4 billion Washoe County, Nev. l 720 $ $
Nov.1,2006 No. Call, 5 S.2biion P - $ $
Jan. 25,1983 Bay Area 5 $1 bitlion Santa Clara County, Calif. - 1557 $1 $1
Feb. 25,1983 Bay Area 3 $900 million Clackamas County, Ore. l 730 $1 $1
Feb.12,1980 Baja Callf. 3 $900 million San Diego County, Calif. o $1 $1
Jan. 3,1982 No. Callf. 3 $800million Orange County, Calif. $1 $1
Feb.11.1986 No. Calif. 4 $700 million Pierce County, Wash. . 934 $1 $1
Nov.21,1990 Washington 4 $700million Riverside County, Calif. Mo $1 $1
Weak, prh:\.ﬂym Enmh‘aummm Cowlitz County, Wash. W $1 $1

beneficlal.
aﬂl:'gzm.w 2, = Placer County, Calif. [ B2 $1 $1
Category3 SACONCNEh Py o Columbia County, Ore. fou $1 $1
Strong, beneficial and hazardous.
Sources: Scripps institution of Oceanagraphy John Blanchard / The Ciwonicle  Scurves: Scros insifution of Ocesnagracy ot anchaslThaChvoneit Source: Thomas Corringham. et al (Science Advances) » Get the data Michael Finch, Sacramento Bee
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Distribucion espacial de los danos por RA en California

Porcentaje de danos por inundacion debido a ARs Promedio anual de danos por inundaciones AR
Los RAs causan Los RAs causan
£ 94% de danos z | un promedio qe
v por inundacién 99% ¥ $620m de dano
en California 95% por inundacion en $100m
£ 90% - CA anualmente
—1 fs —
$10m
80%
% - £
" ; $1m
70%
€ - -
& 3 = 0
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I 1 I 1 1 1 | I I 1
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Escala de RA y danos por inundaciones

AR Ranki 1-5 "
(Deﬁgténgy( co,gr) AR Intensity Flood Damages by AR Ranking
Name
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Penetracion interior y temporalidad de los danos

Significantly Affected Counties by AR Latitude Time Course of Insured Losses
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Retraso en danos y papel de la humedad antecedente

Seasonality of IVT and Insured Losses
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Papel de la orientacion de la RA

Mean IVT intensity and direction on days with claims
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Papel de la orientacion de la RA

Damages vs Orientation of IVT, 32.5N Damages vs Orientation of IVT, 47.5N
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Efectos de la topografia local

Sonoma Sacramento

iy

38.7-
386
. 385-
= T
384
= ‘
383~
38.2-
' . SCRIPPS institurion o £,% Center for Western Weather g ; ' .
& UCSan Diego OCEANOGRAPHY =~ N/ and Water Extremes 1218 1218 g 1212




Efectos de la topografia local
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Intensidad del RA segun Zona

Menos intenso Mas intenso

NORTE
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Intensidad del RA segun la region de la costa oeste de EEUU

Menos intenso Mas intenso
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El efecto del cambio climatico

Change in precipitation frequency
(@)

SCIENTIFIC REPg}RTS —

(d) Change in the contribution of
AR precipitation to total
precipitation

Prmcogetanir Faperey (hage (%)
b o8 id

. . . . - o‘f.@-"}«“)‘;a-".@‘;‘ -‘,»
OFEN Precipitation regime change in e T8
Western North America: The role of ®
- ] Z :
Atmospheric Rivers I
Received: 19 March 2019 Alexander Gershunov'?, Tamara Shulgina’?, Rachel E. S. Clemesha?, Kristen Guirguis™?, } i
Accepted: 20 June 2019 David W. Pierce?, Michael D. Dettinger’, David A. Lavers(’*, Daniel R. Cayan’, ; 2
Published online: 09 July 2019 Suraj D. Polade®, Julie Kalansky? & F. Martin Ralph*? 4
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El cambio climatico: aumento del IVT a lo largo del tiempo
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El cambio climatico: aumento de eventos de alta intensidad

G

Russian River basin

. B AR precipitation . F
Non-AR precipitation
-~ @ Total precipitation
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Los danos aumentan exponencialmente con la intensidad

A{E,Zﬁg{‘;;‘gby‘l;fgr) AR Intensity Flood Damages by AR Ranking
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Proyecciones de danos relacionados con los RA
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Los 5 mejores GCMs de Gershunov et al. 2019
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Cambios por clasificacion RA

a Annual Number of ARs by AR Ranking b Annual Damage by AR Ranking
A » $3.6; S
) AR1 AR2 AR3 AR4 c 5 e
x k) ] AR1 AR2 AR3 AR4 E,_ 5 Al 3.33
< = $3.2 s g
S m
e 12 1 1207 11.91 % $2.8
2 114 : : . , o)
E 101 1007 NW ~ 10.16 g’ $24 T
5 ~ : - 9.56 £
z 91 c $2.0;
T 2 -
S 79 © $1.61
c
c 61 ss88 e
< 51 c $1.21 119 —
S 4 .
© 34 315 o $0.81
o - o .
2 f 0.72 — g il §'§
0- 009 o <  go! om
1950 2000 2050 2100 1950 2000 20'50 21‘00
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Distribucion espacial de los cambios en los danos

Difference in Annual Damages

Ratio of Annual Damages

I T

2090s vs 1990s 2090s to 1990s
County State Difference Ratio
(Millions $)
& s 1 Sonoma California 283.2 253
i . ? 2 Washoe Nevada 2755 4.47
$100 million 3 Lewis Washington 168.7 2.05
4 Sacramento California 111.3 2.80
y — 4 5 Yuba California 103.7 4.89
$1 million 6 Los Angeles California 715 191
7 King Washington 70.7 2.02
8 Marin California 63.6 1.85
: = $10,000 £ 3 9 Columbia Oregon 59.4 2.26
s ? 10 Snohomish Washington 58.7 2.26
11 Pierce Washington 49.7 247
$100 12 Stanislaus California 43.8 455
2 13 Douglas Nevada 413 4.81
14 Napa California 40.5 1.95
0 15 Placer California 37.7 191
= = 16 Sutter California 331 4.80
fg = 58 = 1 17 Clackamas Oregon 30.2 1.76
18 Skagit Washington 28.8 2.09
19 Monterey California 27.3 1.58
20 San Joaquin California 27.2 4.02

120°W 115°W 120°W 115°W
2 SCRIPPS iasnierien o £5% Center for Western Weather
' UCSan Diego OCEANOGRAPHY &) and Water Extremes




Cambios a corto plazo de los danos

Losses and Damages 2020 to 2050 relative to 2020

Year Insured Loss  Estimated Percent K.S. p-Value
($M) Damage Change
($B)
2020 44.13 1,32 0 1
2025 47.59 1.43 7.8 0.91
2030 48.55 1.46 10.0 0.57
2035 52.02 1.56 17.8 0.20
2040 54.79 1.64 24.1 0.02
2045 56.91 8 28.9 0.0072
2050 59.01 1,27 33.7 0.0014

z UCSan Diego

SCRIPPS
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Costos futuros de los rios atmosfeéricos

* Los RAs se estan volviendo "mas largos, mas anchos y mas humedos”
* Espinoza et al. 2018 GRL, Gershunov et al. 2019 Sci. Rep.

* Aumentos modestos de la intensidad — aumentos significativos de los danos

 Se espera que los dafnos anuales aumenten de $1b a $3b en un siglo
* Aumento del 10% de los danos esperados por década hasta 2050

* Necesidad de mejorar la prediccion de AR para mitigar los danos

* Inversiones destinadas a las zonas de mayor riesgo para prevenir los danos de
inundaciones futuras

' UC San Diego
/A

SCRIPPS istiturion or :.’fg"zx Center for Western Weather
OCEANOGRAPHY N’ and Water Extremes




Costos futuros de los rios atmosfericos
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Weather and Climate Extremes

Weather and Climate Extremes 32 (2021) 100326

Contents lists available at SclenceDirect

journal homepage: www.elsevier comlocate/wace

Implications of warming on western United States landfalling atmospheric =&
rivers and their flood damages

Alan M. Rhoades ™, Mark D. Risser”, Ddithi A. Stone ", Michael F. Wehner“, Andrew D. Jones"

* Chomate end Eowyssem Sciences Dovesion, L

Berkeley { Lab ¥, Berkeley, CA, USA
il New Zeobent

* Nt bucnes of Weter and Ammunphenic R

* Compusstional Research Dévision, Lawrence Berkeley Nattonal Leboratory, Berbeley, CA, USA

ARTICLEINFO

Koywerds:

Asmospheric rivers
Western Unined Stages
Camate change

Socictal mmpacty
Detection and astridetion
Stabdized warmung scenarnios

UCSan Diego

'A

ABSTRACT

Atmospheric rivers (ARs) are critical to the hydrological cycle of the western United States with both favorable
and formidable impacts to soclety based on their landfalling characteristics, In this study, we provide a first-of-
ls-khdmhmdhowwu‘mmynw\dwmllmundnmwmTodolhhwe

a ntly developed AR d flow with an ensemble of uniform high-resolution (0.25%)
wmmwmuwdmfxﬂm jon and bution of events
with global ing. These i ".mmmu:m«mm«umammw:
m(~0q.mmx‘“~, ds to p day g (+0.85°C), and several future worlds cor-
w».tsc.zcu‘scmmmmmz ing | the ber of water
management relevant landfalling ARs from 19.1 ARs per year at +0 C 10 23.6 ARs per year at +3'C, Addi-
tionally, this warming intensifies the of water ported by landfalling ARs resulting in a decrease in

the fraction of ARs that are “mostly to primarily beneficial™ to water resource management (i.e., 91% of ARs at
+0'C to 78% at +3 C) and an increase in the fraction of ARs that are “mostly or primarily hazardous™ to water
resource management (Le., 2% of ARs at +0°C to 8% at +3°C). Shifts in AR character also have important

ramifications on flocd damages, whereby for every +1 Cdu“dmdwmﬂu!mmmt\dumw
age flood damagy w-slmmmmnmm,_ ic imp of ¢l
it almed at limiting global ag to under +2°C.
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f(\ Center for Western Weather
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Weather and Climate Extremes 32 (2021) 100326

Fig. 4. A | AR flood damag i based
on Markov chain Monte Carlo sampling of the
C20C+ D&A and HAPPI experiments. Box-and-
whisker plots are labeled on the x-axis according
10 each C20C+ D&A and HAPPI experiment's
age global temp delta from the Nat-Hist
experiment. Box-and-whiskers indicate the Sth to
95th percentiles with the 25th percentile, median,
and 75th percentile demarcating the box region,
Flood damage outlicrs outside of the Sth and 95th
percentiles are shown via dots.

Rhoades et al. 2021, Weather. Clim. Extremes



Mas alla de las inundaciones

'A

Analisis: ¢Una tormenta de invierno en pleno verano?

Entendiendo el extraordinario evento de finales de enero
de 2021 en Chile central | (CR)2

19 marzo, 2021 @ 3233

René D. Garreaud, Departamento de Geofisica de la Universidad de Chile, y Centro de Ciencia del Clima y la
Resiliencia (CR)2; van Vergara, Instituto Andino Patagénico de Tecnologias Geoambientales - CONICET, Bariloche,
Argentina; y Maximiliano Viale, Instituto Argentino de Nivologla, Glaciologia y Ciencias Ambientales - CONICET,
Mendoza, Argentina

http://www.cr2.cl/analisis-una-tormenta-de-invierno-en-
pleno-verano-entendiendo-el-extraordinario-evento-de-finales-
de-enero-de-2021-en-chile-central-cr2/
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Principales afectaciones tormenta 28-31 Enero 2021

Comuna de Las Cabras T\
20 personas damnificadas, 5 viviendas con \
dafio mayor y 77 con dafio menor
Comuna de Coinco =~

12 personas damnificadas y 3 viviendas D
destruidas i\

Cortes y dafios en rutas
F730, F’IesyRBOCh

Comuna de Lo Bamechea

10 personas damnificadas, 17 viviendas con
dafo menor, 7 con dafio mayor y 3 destruidas;
Cortes en ruta G21

Comuna San José de Maipo

691 personas damnificadas, 24 albergadas, 98
viviendas con daho menor, 49 con dafio mayor y
33 destruidas; Corles en ruta G25 y G465
Embancamiento del rio Colorado

Reparaciones en causes naturales >$3.000 Mill

Zn. Cortes y dafios en rnutas

1,160, J60 y R115Ch
e

oy
“Impactos en agricultura (centro sur)
=% Dafos iniciales por partiduras, caida de
9 hrutas, arboles y parronales estimados

Comuna de Malioa {‘
199 personas damnificadas, 20 viviendas ) =
con dafio menor, 52 con dafio mayor y 1 “;"‘"\’"«f
destruida \
Comuna de Quinta de Tiicoco \
15 viviendas con dafio menor ("Lm_’
'
Comuna de San Vicente > g
61 personas damniicadas, 11 viviendas con dafo \¢ R
mayor y 7 con daflo menor o ‘c ek
\_ 760 personas afectadas
corte en el suministro
Total Nacional Viviendas Afectadas /62 "1 %o
235 con dafio menor o5 ]
127oonmm(nmudam Vg
41 destruidas \ A
997 damnificados 4 2

.en USD 150 Millones
+~Posterior pudricion y proliferacion de
' hongos podria hacer caer la produccion
. de uva de mesa en un 70%
(' \

Comuna de Alto Bioblo
“J4 personas damnificadas,
1 Wvienda destruida y 1
con'dafio menor
Comuna de Antuco
Corte Ruta Q452
(/ '
‘\

N

Sobn24
smsummish'oouctrm
a nivel nacional

- @:

f(\ Center for Western Weather




Total Precipitable Water 2021.01.28 0000 UTC

Satellite loop showing the evolution of the Atmospheric River impacting the Ba
Area and Central Coast.

: SCRIPPS istiturion or £5% Center for Western Weather
UCSan Diego OCEANOGRAPHY \(’I and Water Extremes




Total Precipitable Water 2021.01-28 0000 UTC

g
Winter » ‘ > g s 11 s . after the 170 ma 1o'w o'W "o'w o'w 1no'w o'w no*w oo™
Satellite loop showing the evolution of the Atmospheric River impacting the Bay

Dolan Fire of forest last fall. Area and Central Coast.

. SCRIPPS istirurion or £,% Center for Western Weather
UCSan Diego OCEANOGRAPHY \(.)I and Water Extremes




Impactos de RAs en la autopista I-5 de California

California Highways and AR Grid California I-5 Extents
g z —4
N 7 ' o e — |-5 Freeway
¥ ¢ \ ?,‘L — Iu.ts.rst t B [ ] MERRA Grid Cells
— ~— Interstate —+ 11— i
;/3" L — State } N.Cal. ERA Grid Cells
LoNA) ~—— County g
z gtohmmon = - ‘
o er c
2 5, AR g <
Grid Cell
& =
z t -
@ a
<
z | B |
3 |
=z
e
: ; l | ; : S T T T T T T T T
1240w 1220W 1200w 1 18°w 1 16°w 1 14°w 1 26°W 1 24°W 1 22°w 1 20°W 1 18°W 1 16°w 1 14°W 1 12°w

SCRIPPS institurion or ,(,\ Center for Western Weather
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Efectos de los RAs en la fluidez del trafico

AR Effect on V-Class Total Flow AR Percent Effect on V-Class Total Flow
I L I e PP
-500 - § § -1 -
-1000 - -2 - == }
-1500 — T -3 —
-2000 — -4 — e (]
® 5 0}
-2500 - (0]
-3000 - -6 - 4+
| | | | | | | |
N.Cal Bay Area C.Cal S.Cal N.Cal Bay Area C.Cal S.Cal

SCRIPPS institurion or f\ Center for Western Weather
OCEANOGRAPHY V and Water Extremes
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Efectos en la fluidez del trafico por clasificacion RA

AR Traffic Flow Reductions

AR Ranking (1-5) _
(Denoted by color) S:n"':e"s'ty AR —
Northern 22% :l:
4 Exceptional California ARr4 Be—
AR5 —

= 1250

n 3 Extreme AR1 ===

1 Bay Area 22% =
*? & Strong AR4 ' |
»n g’ AR5 BV
| i
[T} AR1 R
E ; Moderate Central AR2 [
- = : . AR3 ——
@ £ California Ars4
< g Weak ARS

< AR1 =

g Not an AR Southern 22% }:] .

California ara ' 1
0 24 48 72 s , ,
AR Duration (IVT > 250) (h) e et
0 5 10 15 20 25
Percent Reduction in V-Class Flow
SCRIPPS iwstiturion or f\ Center for Western Weather
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Coste economico de la movilidad reducida

Change in Daily Consumer Surplus Due to AR Conditions El costo estimado de los Viajes

. . cancelados o aplazados varia de

| Loss = $106 million per year 78 a 233 millones de dolares por
: ’ ano, segun las hipotesis sobre la

0.85 1

©
¢=6
(@]
)
E 0.80 -
S | demanda del uso de carreteras.
8 Regular I-5
E 0781 | Demand
S B m—— e T~ Las estimaciones de pérdidas son
g 0 Reduced Demand mas elevadas si se supone que
9 Due to ARs . los conductores de vehiculos
£ o065 1 i ; modifican menos su
37.5 38 38.5 39 comportamiento antes las
VMT g VMT o & dversas
Vehicle Miles Traveled (VMT) per Day (Millions) condiciones a .
SCRIPPS ixstiturion or £>% Center for Western Weather

' UC San Diego
/A
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Escasez de agua en California

“Whiskey:is for-drinking; water is-for fighting”

el

“El-Whisky.es parabeber;.ellagua es.para luchar”

«
-

The remains of Cachuma Lake, the main water source for 200,000 people in southern Santa
Barbara County. Ruaridh Stewart/ZUMA




Escasez de agua en California

WATER

WATER SUPPLY FROM SNOWPACK
ROJECTED TO

DECLINE BY
TWO-THIRDS

Water management practices in California face growing challenges from continued climate change and
extreme weather. Promising technical adaptation options to reduce these negative water supply
impacts include the use of probabilistic hydrological forecasts, groundwater storage, and better
measurements of the snowpack.

http://climateassessment.ca.gov/state/docs/20190116-StatewideSummary.pdf



Escasez de agua en California

IMPACTS TO AGRICULTURE

By 2050, under certain precipitation conditions, a study estimates California’s agricultural production
could face climate-related

water shortages of up to 16 percent in certain regions.

Hotter conditions due to climate change could lead to loss of soil moisture.

Models show that increasing soil organic matter increases the soil water holding capacity,
demonstrating one adaptation option.

http://climateassessment.ca.gov/state/docs/20190116-StatewideSummary.pdf



Impactos del cambio climatico en California

Change in annual precip [%], 2070-2100 w.r.1. 1950-2005

Wetter Winter but Drier Springs —

RCP 45 RCP 8BS

(_ ( A Shorter Wet Season
@ - models suggest:
| somewhat wetter NoCal * Projected Precipitation Increase in Dec-Feb, Decrease in Mar-Apr
40 « somewhat drier SoCal (MAM) 10 LOCA downscaled RCP4.5 GCMs mid-21st century
|- from 32 CMIPS GCMs dowmscaled w LOCA 10 models 50 inadata
- J“ A7 OUF ovg precip change by 20402000 repAS LA8 g peecis cheangs by POM- IS 1ol
o ] N L i
: Lo
s 1 N
. N j ) ) e gl 1%
L ". \.- J
- “(\ ] \\L . N0
{ ¥, = 1 gy \I
124 122 120 118 118 114 -126 122 120 1@ 118 114 N ‘J‘h.“"
= PR | % change

La temperatura aumenta en California, pero ;se vuelve mas himeda o mas seca?

www.climateassessment.ca.gov/events/docs/20190116-Slides_Pierce_Kalansky_Cayan.pdf



Wetter, Drier, or Both?

Extreme
Dry Years

FREQUENCY

1895-2017 l/100 YEARS

FUTURE RISK B8Y 2100

24x | @

KEY IMPACT WATER SCARCITY

QucLAloES ) Chmete 5¢

Extreme
Wet Years

FREQUENCY

1895-2017 l./Ioo YEARS

FUTURE RISK BY 2100

KEY IMPACT INFRASTRUCTURE STRESS

Dry-to-Wet
Whiplash

FREQUENCY

oot S00 wiiss

FUTURE RISK BY 2100

KEY IMPACT MUDSLIDES

Severe Storm
Sequence

FREQUENCY

1895-2017 l/zooV!»‘-:S

FUTURE RISK 8Y 2100

KEY IMPACT CATASTROPHIC FLOODING



Impactos del cambio climatico en California

* Mas precipitacion como lluvia, menos como nieve

* Precipitaciones mas intermitentes pero mas extremas en forma de rios
atmosféricos

 Menos precipitaciones en las estaciones intermedias de primaveray
otono

* Las aguas superficiales seran mas dificiles de capturar y almacenar

www.climateassessment.ca.gov cal-adapt.org



' State project Reservoir volume (

@ Y 4 ®
Infraestructura hidraulica DT e L R o
A  foungs A B Federal project A 500-1,000
; . :°:' Projsct /\ 1,000-5,000
s B Agricultural area [{ /\\ 5000+
* Aguas superficiales: embalses, i Annual delivery (ta
. ow direction — =50
infraestructura de transporte Cfowdiecton . 51150
¢« Pump/storage facility —> 151-300

® Pumping facility O 301-1,500
® Hydroelectric powerhouse 0 1,501-3,100

* Aguas subterraneas: pozos, instalaciones de
tratamiento, recarga

* Mercados de agua y derechos sobre el agua

e Ofertay demanda de agua parala
agricultura

* Ofertay demanda de agua municipal

* Agua para los servicios de los
ecosistemas

100 150

3

| |
160 240

Oy O
3
8—8

www.ppic.org/publication/californias-water-grid/



Envejecimiento de la infraestructura hidraulica

Largest reservoirs in California

The water bond on November's ballot contains $2.7 billion for two huge new dams — the first major
dams built in California in three decades. Here are the state’s 10 largest reservoirs, which were built

between 1927 and 1979.
O?R edding Year sfczfgft:t Dam .
Reservoir opened in millions height Location
— o € Aimanor 1927 13 130 feet Plumas County
T o @ Shasta 1945 45 521  Shasta County
(30) € Folsom 1956 1 275  Sacramento County
o ) Berryessa 1957 16 255 Napa County
. 0e/® O Trinity 1962 2.4 458 Trinity County
San Sacramento (D New Exchequer 1967 1 479  Mariposa County
Francisco ). @ SanLuis 1967 2 305  Merced County
® ., San @ Oroville 1968 35 742 Butte County
Pacific Jose - €) Don Pedro 1971 2 568  Tuolumne County
Ocean 0. - {l) New Melones 1979 24 578  Calaveras County

BAY AREA NEWS GROUP

www.mercurynews.com/2014/08/31/california-drought-why-doesnt-california-build-
big-dams-any-more/



Soluciones posibles

* Construir nuevas presas, aumentar los embalses existentes

* Nueva infraestructura de transporte (California Water Fix)
* Sustainable Groundwater Management Act (SGMA)

* Flood MAR (recarga controlada de los acuiferos por
inundaciones)

* Conservacion y agua reciclada
 Restaurar las llanuras aluviales naturales

* Nuevas tecnologias: estanqueidad selectiva con diques de
caucho, desalinizacion

https://www.sacbee.com/news/california/water-and-drought/article26872906.html

WIS VNN )y 'k

of the changes:

1. Eliminate the
pumping plants,
permanent power
lines, and sediment
basins at the
intakes

2. Use gravity rather
than pumps to feed
the tunneis

3. Reduce visual
impact near Hood
4. Remove perma-
nent transmission
lines near Stone
Lakes Wildlife
Refuge

5. Consolidate
pumping plants
planned at the three
northern intakes to
two new pumping
plants at the
southern end of the
tunnels at Clifton
Court Forebay
From there, water
would be pumped
by existing
water-export
pumps to canals
heading south

KEY
* Tunnel route

Main construction
shaft

Vent structure
New river intakes
New or expanded

zo®» ot

forebays

o (e
materal areas

redesigned water tunnel
roject would reduce impacts
on the landscape and soften
visual and environmental
impacts. Here are some

Exsting
water-export
pumps
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Soluciones posibles

California WaterFix is
Supported by LAEDC

California WaterFix

o -
PRS- o Z
S | — - '
T e i
e S ]

.1 Additional Intakes =

» "‘ S e

laedc.org/2018/04/09/laedc-supports-california-waterfix/

JUST SAY NO TO THE
CALIFORNIA WATER FIX

Posted on 6 July 2017
By Charming Evelyn, Angeles Chapter Water Committee Chair

angeles.sierraclub.org/news/blog/2017/07/just_say_no_california_water_



Forecast Informed Reservoir Operations (FIRO)

Lake Mendocino Como funciona
FORECAST INFORMED
RESERVOIR OPERATIONS

S —

* Las “rule curves” del depadsito se
ajustan para permitir un mayor
almacenamiento de agua durante los
meses humedos

Final
Viability
Assessment
December 2020

* Cuando se pronostican grandes
tormentas, el agua se libera antes de
la tormenta para permitir un mayor
almacenamiento

HOTE

* Alfinal de la temporada si se
pronostican condiciones secas, se
almacena mas agua



Forecast Informed Reservoir Operations (FIRO)

T LI [T 11"+ Las"rule curves” del depdsito se

100000 fr——————7— 1111 MR T ajustan para permitir un mayor

_ HNRRF | Can we save o | almacenamiento de agua

§ %000 11 some of this | £ ,

: \\- water? 3 durante los meses humedos

§GOOOO t g

- v .

. S ¢ * Cuando se pronostican grandes

tormentas, el agua se libera
e T T T T T T T T T T T 1T antes de la tormenta para
OJ'-;’ T T E T E T T T E T R E R R R R R R T T N T Tt permitir un mayor
""" 8388658828883 886882=238 .
Date almacenamiento

Figure 2. In late December 2013 an Atmospheric River storm greatly increased the amount of
water in Lake Mendocino (thick blue line shows reservoir storage; green dashed line shows ® Al final de la tempo rada Si se
cumulative rainfall). The “rule curve” (dashed orange line) led to the release of this water. The : < =
lack of later rains (to February 2014) led to drought conditions and extremely low lake levels. Pron ostican con d ICIONes Secas,
Figure courtesy of F. M. Ralph (UC San Diego/ Scripps /CW3E; mralph@ucsd.edu) and J. Jasperse se alm acena ma’s agu a

(Sonoma Water) - FIRO Steering Committee Co-Chairs



Forecast Informed Reservoir Operations (FIRO)

Volume of water in Lake Mendocino (acre-feet)

100,000

Lake Mendocino Storage

s
L\ / / ‘ Storage curve
95,000 -~ g f— with FIRO
\ / y
90,000 = ¢ y —
\ y, / Storage curve
85000 % ) without FIRO
80,000 ‘ P P /
' , .
75,000 ~ N\ FIRO Major Deviation ! Water
Buffer Zone storage with
70,000 =~ | | FIRO (actual)
~20% additional
65,000 T = ~ i TN storage
60,000 ~ ~ : - Water
Water Supply Pool storage
55,000 . — 1 £ without FIRO
[(modeled)
50,000

Oct Nov Dec Jan Feb Mar Apr
October 2019 Through April 2020

Figure 2. Lake Mendocino
storage increased by about
20 percent during major
deviation operations in WY
2020, compared with modeled
storage without FIRO, during
a year when precipitation was
38 percent of average.

https://cw3e.ucsd.edu/FIRO_
docs/LakeMendocino_FIRO_
FVA_ExecutiveSummary.pdf



Los beneficios econdmicos de FIRO

Sonoma
Water



FIRO en el lago Mendocino

e\Windsor

Santa
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Beneficios economicos de FIRO en Lago Mendocino

I e: Abastecimiento Pesca

| de agua agricola

Abastecimiento de
; agua Municipal e
M Industrial (M&I)

Recreacion

Costos reducidos de
operaciones, mantenimiento

y reemplazo (OM&R)

Energia
hidroeléctrica

XEC&e




S La FIRO puede mejorar la calidad y la cantidad de la
Abastecimiento agricultura.

d e a g ua a g r|,C0 l o) Usamos el método de imputacion residual para atribuir el
“precio sombra” del agua.

« Calcular los rendimientos netos (ingresos - costes).

« Calcular el valor de una unidad de agua dividiendo
los rendimientos netos por el uso del agua.

« Estimar el posible aumento del suministro de agua.
« Multiplicar el valor de una unidad de agua
por el aumento en el suministro de agua.

Centrado en uvas de vino y extrapolado a otros cultivos.
Dependiendo de la cosecha, el valor de un acre-pie de
agua es de hasta $ 634. (...)

Los beneficios anuales medios son 114.079 dolares.




Abastecimiento de
agua Municipal e
Industrial (M&I)

FIRO puede mejorar la fiabilidad del suministro de

agua.

Este beneficio se cuantifico de dos maneras basadas

en si se espera que cambie el precio del agua.

Estimate the price
elasticity of
demand (-0.4)

Estimate increase
in water supply
reliability

Estimate demand
curve and average
change in price

Estimate change
in consumer
surplus

Estimate the
increase in water
supply reliability

Obtain price

Calculate product



Salmon Chinook

Salmon Coho

Trucha Steelhead

FIRO puede mejorar el flujo de la corriente y reducir la
temperatura del agua, beneficiando a los peces.

Se realizé un analisis de alternativa menor-coste para
estimar los beneficios.

 Consideramos proyectos alternativos que
tendrian el mismo impacto que FIRO.

* Enlugar de evaluar todas las alternativas,
elegimos una alternativa que sea factible, que
se haya considerado previamente, que tenga
algunos datos disponibles y que sea
plausiblemente la de menor costo.

 Estimamos el costo de esta alternativa.

* Este costo evitado representa el beneficio.



La alternativa elegida es aumentar

la capacidad de la presa.

Total cost of

$154.6
million

Salmoén Coho .
Asumimos que elevar |la presa 2

metros resultaria beneficioso para
el caudal y la temperatura, y que
los beneficios son equivalentes a
los de FIRO.

Assume dam will last 50 year

Discount at 2.75%

Salmén Chinook a3 | e b ' Usamos un costo estimado

' existente para elevar la presa en
10 metros y aplicamos ciertas
suposiciones para aproximar el
costo de un aumento de 2 metros.

Annual value
is $5.73
million

Trucha Steelhead




ados de la [gle,

Modified Hybrid

$114,100
$2,674,600
-$1,900
$5,726,400
$802,700
$45,500

$9,361,400

(Resultados provisionales)
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Lake Mendocino Storage

Figure 2. Lake Mendocino
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Forecast Informed Reservoir Operations (FIRO)

Volume of water in Lake Mendocino (acre-feet)
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Figure 2. Lake Mendocino
storage increased by about
20 percent during major
deviation operations in WY
2020, compared with modeled
storage without FIRO, during
a year when precipitation was
38 percent of average.

https://cw3e.ucsd.edu/FIRO_
docs/LakeMendocino_FIRO_
FVA_ExecutiveSummary.pdf



Tom Corringham — tomc(@ucsd.edu

iGracias por su atencion!

http://www.cr2.cl/
evaluacion-economica-de-la-megasequia/

cw3e.ucsd.edu
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