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Chapter 1: Introduction

L1 Climate change

c 8y ., causes for
. 2005).C1
L over The

World 0 years (IPCC,
2007),
importance. C associated with a
L i 1
2007, i

climate variability from year o year.

Climate change, however, reflects prolonged change (decadal or longer)in the

aresultof

anthropogenic forcing (IPCC, 2007).

s
ocean, and changes in solar radiation (MeGuflie & Henderson-Sellers, 2005). Studying

and allow for predictions of the future climate.



Labrador.

coustof Labrador winter temperatures tend (o range between 2010 -1

e nsc

(Vasseur & Catto, 2008). Preciptation in this ecozone is found t0 range from 900 t0 2000

mm annually (Vasseur & Catto, 2008; Environment Canada, 1993, 20053). Scavice along

the Labrador
Hollnd, 2002).
et experencethe ce speifclly
ands e
2006 W,
1985
a A

Labrador,are affeeted by the Labrador Curent and the North Atkantic Oscilltion (NAO)

(Vasseur & Catto, 2008; Catto et al., 2003; Czaja and Frankignoul, 2002).

12The NAO

Iecland low and the Azores high (Hurrll et al., 2003; Srile et al., 2003). The NAO

" for both the




Tower than usual

nthe North Atl
NAO index,
200, h
the year (Hurell et al., 2003)
+2009). nospl

(Drinkwater et al., 2003; Hurrell et al., 2003) It i the combination of these atmospheric

(Drinkwater et al., 2003; Visbeck et al, 2003)

A

003

L s L2002,

Deser et al., 2000; Hurell et al, 2003). Pack ice,coarse and jagged ice that i often found

const
northeaster Newfoundland. Pack ice could prevent drainage of waterfrom the heads of

estuaries, coves and obstruct harbours (Vasseur & Catto, 2008; Catto ctal., 2003).



Arctic Ocean

(Hurell et al, 2003,

‘amount ofice in both the Labrador and Greenland Seas.

(Drinkwater et a., 200

2007).Inthe boreal

bl tal. 2009),

Stenseth, 2007; Hurrell et al., 2003; Hurell 1995), and because of thi, it makes for

200

is oftena beter pr

than variables, The

conditions over temporal and spatial timescales (Strile & Stenseth, 2007; Hallet ctal,

2 wind

2003),

» Adlantic. s theorized

Jinity and

vertcalstatfication i the wat column.



Forinstance, living o

Zooplankton, o higher levels of lif, such a fish, are thought to b indirecly affected by

the NAO. P

. 2003).Tthas

+2003; Colebrook,

associated with the NAO (Hurrel, 2003; Sraile t al. 2003). Thus, by studying the

climatology life within

the marine ccosystems s nfluenced by the NAO.

1.3 Gilbert Bay, Labrador

Labra
Gilbert z The bay
s da (Copeland et . The bay

K with a length of lo25km
(Copeland etal “The water depth of Gilbert 2
m. pan




River (Figure |

(Morris & Green, 2002; Copeland et al, in press). The source of his freshwater is from

Copeland et al. ).

Run and the Winnard Tickle (Figure 1.1). S sll separate seven basins along the main
axis of the bay. These slls, which range in depth from 4 0 6.5 m, prevent the water in the:

bay from flowing directly into the Labrador Sea (Copeland et a.. in press; Copeland ct

al. 2006) Labrador

1 less than 350 m wide (Copeland et l. Copeland

etal., 2006; Government of Canada, 2005). This complex bathymetry affects the.

landfastice, which occurs during late November to the begining of May, and vertical

nada, 200 win
approximately | m (Wroblceski, 2008) For theremainder of his thesis,scaicc will
efer o landFst ce uless otherwise sted

Gilber Bay is a Marine Proteted Area (MPA). The Intematinal Union for

Conservation of Nature and Natural Resources (IUCN) defines a MPA s, “any area of

ntertidal
i, isorical and eulural feat

¢ anada, 2005).
In Canada, Actof 1997

endangered, ;i d



2000
Gilbert Bay was first declared an Areaof Intecst (AOI) i October 2000. The Gilbert
Bay Stering C fbermen's
. It MN), Depar
(DFO), Depar o
2001 n2005,

the Ministerof Fisheris and Oceans Canada declared Gilbert Bay as the first MPA|

established i the Canadian subarctic coastal zone (Wrobleski, et al, 2007). Unlike other
1

MPAS, o ake'

2007). MPA

population of Atlantc cod, Gadus morhua. These cod are gencticlly distinguishable:

1..2000). Gitbert a
i ctal 2007).
Furth
apopul
dangercd Wi in Canada (COSEWIC),but il not guanded by Canada's Spies at
Risk 2000, help procet the
Woblewski,
2009

how climate change may impact the cod population. Furthermore, by studying the



\
hick implications for
arecrihouse g
time:
of the Gilbert Bay region.
1.4 Purpose of this study
Bay, Labrador.
he variablity in By the study ar:
W ilbert Bay
compare simulations with available observations.
i)
climate change.
Gi) T resuls from the b
Social and environmental implications of these limate changes
change n the furure.
d bay canbe.

examined. This may impact the Gilbert Bay Atlantic cod population.



s change in future years. Using:

thickness This

iceas a .

and thickness will ultimately affect the way of i for many of these people

1.5 Outline of the thesis

Chapter
Chapter
Gilbert Bay, ch Bay

2 and 3 are published in Best et al. (2011
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Figure 1. A map of Gilbert Bay, Labrador. The waters of Gilbert Bay connect with the

Labrador Sea through Winnard Ticle and Williams Harbour Run, and with Alexis Bay

through Main Tickle. Hydrographic stations 1-10 along the main axs of Gilbert Bay and
1




sources and modelling methodology

Sections

for Gilbert Bay.

2.1 Hindcast atmospheric data

E 'c

 Mary’s Harbour, and Port Hope Simpson: alllocations of relatively close:

‘anada, 2010). The F Canada

i Furthermore,

years nly.
atmospheric data used as model foreing for the hindeast simulations were taken from the.
National Center for Environmental Prediction National Center for Atmospheric Research

(NCEP/NCAR) 40-year Reanalysis Project (Kalnay et al, 1996).

» 3
1996). The project was initated in 1991 s an extension to the National Metcorological

Center (NMC) Climate Da S DAS) Project




ed,

amospheric daa.

Nei Modeling Center, C1

Center (CPC), the Coupled Model Project, and Central Operations. NCAR caried out

from China, Tovs)

"

(GISST), cloud-track winds and rawinsonde data and sea ice data (Kalnay ctal, 1996).

Missouri the

@ and NESDIS) Fluid Dynamics

Lat ). United Kingd he )
Meteorological Agency (IMA) and the European Centre for Medium-Range Weather

Forceasts (ECMWP) (Kalnay, 1996).

T62/28-level NCE

200kmand 28

saved in the WMO's Binary Universal Format Representation (BUFR) (Kalnay et al.,

1996). A benefitofs EPNC:




P North American

coninent and propagate towards the North Atlanic

the land and sea on the Gilbert Bay climate by using the NCEP/NCAR dataset.In this

surface properties (sea-ce, land, vegetation,ctc.). The NCEPNCAR Reanalysis Project

for

the Gilbert Bay region were used.

22 Projections of future atmospheric conditions

NOAA's GFDL

(Delworth et al., 2006; Geophysical Fluid Dynamics Labratory, 2005). The simulated
data fo each future projection were gencrated through the GFDL CM 2.0 Global Coupled.

a 006). composed of

¥ which interact through

a lux coupl 006). the CM 20

Global Coupled Climate Model(for atmosphere and land) is 2°ltitude by 2.5° longitude,

4

2006). The simulated data generated from the CM 2.0 Global Coupled Climate Model



v pan 1949-2001 and

three scenarios from the Inergovernmental Panel on Climate Change (IPCC) Fourth

limate Change S S CCSP) Projects

Special ES): A2 (high

(IPCC, 2007; WMO/UNEP, 2000). These three scenarios were modeled for the century

time span 2001-2101. High frequency forcing simulated data were collected for cach of

the SRES,
23 Oceanographic data for Gilbert Bay
2007). B 1996 seasonal
008) P
measured at
buy (Figure 11 In.

ocated at a central point within Gilbert Bay (Station 3 n Figure 1.1) which has a water
column depth of 65m. Data rom 1996 for July 7 and October 4%, from 1997 for March

26" and May 26" and from 2004 for August 13" were uilized forthis study. No

Gilbert Bay.

These



below 2010 25 m. Addiionll,sufsce &

3
constrsined by the observations for Gilbet By.

near 2008
s VEMCO® data
logger 100 moft
sbour (it 1 i Figure 1.1, N
e 004, 2005, 2006 and 2007 208
24 The model
Tubl

20071
processes aters, withthe core -
a ) Jeand eat

(Unmlauf et al, 2007). To accoun for uncertainties i the surface luxes and laeral

ransport in the GOTM, i

equation:

s, as_ 0, s
ZroE= LB+

st an

while emperature is determined from:



E= KOS+

oy

@

where Ksfx) and Ki() represent the functions of viscosity () and ts and e represent the

water flux

The surface

months.

1.,2007). The relaxation

intemal

heating due to penetrating sola radiaion and intemnal storage of hat i brine pockets

(Seminer, 1976)

ice, where snow can accumlte seasonally. During the seasons when there is an

following one-dimensional heat equation:

o

)

@y

where K, = 7.4 x 1074 =2 and (pe), = 0165 -5 i important 0 not that o
short period of
(Seminer, 1976).



“To represent the temperature of the i the searice model makes use of the

equaion:

(o) gr = 5T )
where K, = 4.86 % 1072 and (pe); = 0.45 2 10 represent constants associaed
i o g The model e snow if

» e will vary,
Sepof the model.
sbsop apped i During
representing the he:

freezing point. The overallresult i the solar energy radiatng at the surface does ot

i (Seminer, 1976). Thus,

wilzed for this study

landfast i along Gilbert Bay, Labrador.

3 Lis the ke

; Burchard & Baumert 1995). This



flow characterstcs and turbulent kinetc energy (Rod, 1987; Unlauf et al, 2007).

“The model

‘and salinity. The GOTM i forced by the heat, momentum and freshwater fluxes between

y 3 . 2007),

e Fetal, 2007). The GOTM




Chapter 3: Interannual variability of physical oceanograpl
characteristies of Gilbert Bay, Labrador

(Unlauf etal.,

from NCEPINC;

incorporated into the hindcast simulation forthe period 1949-2006, This chapter

Bay. Section 3.1

period 1949-2006,

EPNC:

forthe Gilbert Bay region. In Section 3.2 simulations of surface layer temperature are

tion 3.

hindeast study.

3.1 Seasonal variability

Figure 3.1

Gilbert

fce, fux -
interface. The monthly-mean atmospheric temperature of the Gilbert Bay region

computed for 1949-2006 reaches its minimum in February (below -1 1°C) and reaches its

10°C)in July. o March.



31 NCEPNCAR

data for the Gilbert Bay region for 1949-2006 (top panel). Monthly-averaged reltive

y ion for 19492006
(second pane). Monthly-averaged tota cloud coverage as taken from the NCEPNCAR

data forthe Gilbert Bay region for 1949-2006 (third panel). Monthly-averaged total

from NCEP/NCAR data i 1949-

2006 (fourth pancl),




later inthe thesis. A

Tongitude i longer than thre months.

igure 3.1).
igh P L more
specificaly,

“The heat flux i highest in May, when the sea-ice melts and the waters of the bay

3,

temperature is highest during this period when the heat flux is strongest. The strongest

aer u
Figre 32
L I
2010, ARCH
DynanicsCi ene for 2009)
The
» e 3.2




when the NAO index is negative (Hurell & Deser, 2010; Drinkwater etal, 2005). The

19505 and Figure 3.2). This was a

3210

(Figure 3.2). igh

of 1950-2 Bay. 1989-1995, the

32). This wasa

(December-March) of these yearsfalling below -12°C in 1993 (Figure 3.2). The

the winter

‘months (December-March) is s = 07669 for the period 1950-2006. Calculated

over two separate periods, this oeficient s . ysy =-0.832 from 1950 10 1981 and has

Value Fost. 00 = -0.6286 from 1981 10 2006.

from 1995 t0 200 temper

32).The

NAO during 19952005

previous wintrs of positive NAO index. From 1995 t0 2003 the mean ir temperature for

» '
(Figure 3.2). This warming trend has been abservdin the subpolar North Adlantc Ocean
since 1995 (Marsh e al. 2008).

The model smultions wersperformed ovr the peiod of e fom 1949 0

2006,

the water c

urnn during anomalously warm and cold years. The most recent model



1969, 1993 and 2005, for reasons explained below.

The year

negative NAO index that occurred from 1958-1971 (Figure 3.2). This year was also

the heat flux
per cction 3.3). The year

NAO index

(Figure 3.2). The year 1993 was also chosen with regards to heat flux and sea-ice
il period 19492005

3). Finally, the year b i

NAO inde i
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