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Climate Change Impact upon Hydrological
Systems hosting Aquaculture (Salmon farming)

* Climate Change?
* Global and Local observations
 What next? Model based projections
o The future is uncertain — Climate Scenarios
o Impacts upon aquaculture regions
* Discussion
O Extreme events
o Climate variability



Greenhouse effect and Global Warming
CO2, CH4, H20 and other gasses absorb longwave radiation emitted by the surface....
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Greenhouse effect and Global Warming
CO2, CH4, H20 and other gasses absorb longwave radiation emitted by the surface....
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Greenhouse effect and Global Warming

The direct, radiative effect of increasing CO2 (and other GHG) is well known, but not their feedbacks
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Greenhouse effect and Global Warming

To quantify its effects we use numerical models of the atmosphere/ocean general circulation (GCMs)
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OUR CHANGING
CLIMATE

Global signs during the
Antropocene
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Aquaculture 101

Salmon farm concentrated in just a
few regions in the Northern and
Southe\n\Hemlsphere

X B
; e / ~ W [ United Kingdom
....... o " / : 1 Canada
g 1 | A : @ Australia
Q Ai @] Faroe Islands
. . : ' WJapan
i i : & - A @ Ireland
& - LN
: A : i ' o~ Total production: 1,440,000 tons Ml Iceland

] Others

Source: FAO-Fisheries and Aquaculture Information and Statistics Service-31/07/2008
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- Aquaculture 101

Salmon farms in cool SST regions
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Agquaculture 101

Salmon farms in cool SST regions
with plenty of fresh water available
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Observed changes during the 20th Century (IPCC, AR5)

Observed change in surface temperature Observed change in annual precipitation over land
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~ Projected Changes SST

— _Average [2050-2100] minus [1960-
2005] under RCP&.5 scenario. Warming

- everwhere but stronger.in the NH,
weaker in Patagonla
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Multi Model Mean
40 CMIP5 models — IPCC 5AR



Regional sea level rise by the end of the 21st century

Fig 13.20b 90°E 180° 90°W 0°

Regions in dark red will see the greatest rise in sea levels by the year 2100, while areas in
blue will see a local decrease. |[PCC




‘Projected Changes in

Surface wind stress
Average [2050-2100] minus [1960-
QOS] under RCP8.5 scenario.
. Strong signalin the SH.

Multi Model Mean
40 CMIP5 models — IPCC 5AR
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End of century (2070 2100) under heavy
“GHG scenario (A2 / RCPS 5) |
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PrOJected Changes Salinity

| Surface value-open ocean.
\ Average [2050-2100] minus
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Summary of Climate Change Impact upon main Salmon farming
regions. End of 215t Century under Heavy GHG scenario

St Offshore Off. .Surface Rainfall Sea level

SST (eC)  Salinity (PSU) (mm/yr) (m)
Southern Chile (Los Lagos) 1.5 <+0.2 -250 0.2
Southern Chile (Magallanes) 1.0 <+0.1 +50 0.2
Norway 2.3 -0.5 +70 0.5
UK + Faroe Island 2.0 -0.4 +50 0.5
Canada (BC) 2.7 -0.6 +90 0.3
United States (East coast) 2.7 +0.4 A 0.6
Japan 2.8 -0.2 +40 0.5

Australia + New Zealand 1.8 ~0 +70(?) 0.5




Agquaculture 102: Sea Lice

Brooker et al. 2005

Daily population growth rate (Lambda)

Basic Reproductive Ratio (Ry)
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Chalimus IV ; o i Adapted from

Chalimus Il Groner et al. 2016




Summary of Climate Change Impact upon main Salmon farming
regions. End of 215t Century under Heavy GHG scenario

Offshore Off. Surface Rainfall

s SST (eC)  Salinity (PSU) (mm/yr)
Southern Chile (Los Lagos) 1.5 <+0.2 -250
Southern Chile (Magallanes) 1.0 <+0.1 +50
Norway 2.3 -0.5 +70
UK + Faroe Island 2.0 -0.4 +50
Canada (BC) % od -0.6 +90
United States (East coast) 2.7 +0.4 A
Japan 2.8 -0.2 +40

Australia + New Zealand 1.8 ~0 +70(?)




Rising number of species foce extinction

il
.

of storms, forest fires, droughis, flooding and hedl woves

- Increasing risk of dangerous feedbacks and ‘
-:Hbrmi' large-scale shiffs in the climate sysfern
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What about extreme events?

Let’s consider the terrible
summer-fall 2016 when
the worst ever recorded
Harmful Algal Bloom
(Pseudochattonella cf.
verruculosa + Alexandrium
catenella) affected
southern Chile, decimating
10% of the Chilean Salmon
production and causing
social unrest and economic
losses.




Aquaculture 103: HAB

Atmosphere/Land Boundary Conditions
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OPEN Hydroclimatic conditions trigger
record harmful algal bloomin
western Patagonia (summer 2016)

fi: 26 April 2017 Jorge Ledn-Mufioz!, Mauricio A. Urbina(»?, René Garreaud™* & José Luis Iriarte®5’




Aquaculture 103: HAB

Atmosphere/Land Boundary Conditions

w

Solar
Radiation

Fresh Water

Blo

2o > 2¥7
T T ﬁgs

* Temperature Turbule_:nce \®® @
* Stratification (p(z)) . Usnacliing Nutrients @) G)
* Vertical velocity Bt (P,N) )
e Currents
e pH
\,

A Physical processes
A Biological processes

. SCIENTIFIC REPg}RTS

OPEN Hydroclimatic conditions trigger
record harmful algal bloomin
western Patagonia (summer 2016)
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What about extreme events?

The drought of summer
2016, as most climate
extreme, occurred by the
superposition of natural
variability (e.g. ENSO) upon
climate change.

Record-breaking climate anomalies lead
to severe drought and environmental disruption
in western Patagonia in 2016

R. D. Garreaud>*
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What about extreme events?
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CONCLUSIONS

01

02|
03|

o

Temperature and precipitation trends forced by GHG/O3 have
began to emerge at the global and local scale

Climate models indicate that such trends will continue during the

215t century, possibly causing an increase in sea lice (expansion?
Intensity? Seasonality?)

The magnitude and timing of the global climate change effects
depends on the emission rate of GHG (and hence of the socio-
economic development pathways)

Local impacts (e.g., upon salmon production on a specific region)
require further analyses of the climate-environment-industry
relationships.
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