Selection, in-situ calibration, and minimum coverage of a GHRSST product
for the monitoring of the Canadian Atlantic Zone.
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Criteria for State of the Ocean monitoring of SST

* Long-term coverage suitable for 30-year climatology.
e Can combine different products if inter-calibrated.

* No filtering-out of regional upwelling or mixing that lead to cold spots.
e Real-time availability.

* Need to resolve better than % standard deviation (SD) of variability,
after seasonal cycle is removed; we report based in standardized
anomalies with increments of %2 SD, where anomalies within % SD of
the mean are considered near normal.
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This is not an issue of pixel level accuracy, but in errors in estimating
area averages based on sparse surface coverages (e.g. clouds).



Long-term coverage suitable for 30-year climatology

We have an internal Fisheries & Oceans (but discontinued) national product (MLI)
e Daily composites of 0.015° longitude x 0.01° latitude (e.g. 1 km)
* 1983-04 to 2013-09, which covers cooler period

T \.,..,.3:5: Larouche, P. and P. S. Galbraith. 2016. Canadian coastal seas and
— Rt | | Great Lakes sea surface temperature climatology and recent trends.

| Canadian Journal of Remote Sensing, 42:3, 243-258, DOI:

10.1080/07038992.2016.1166041
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This was combined with another product
from another Fisheries & Oceans lab (BIO)
covering from 1997

Galbraith, P.S., P. Larouche, C. Caverhill. 2021. A sea-surface
temperature homogenization blend for the Northwest Atlantic.
Canadian Journal of Remote Sensing, 47(4), 554-568, DOI:
10.1080/07038992.2021.1924645
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..which was also discontinued in 2022.
We needed a replacement.
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No filtering—out of regional upwelling or mixing
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No filtering-out of regional upwelling or mixing
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No filtering-out of regional upwelling or mixing
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Selection of real-time available product

2007 to present; 0.02 degree grid resolution; real-time availability.

“we remove the retired and degraded quality satellites/sensors, and replace them with newly
launched, high quality products” — Alex Ignatov, NOAA.

Daytime and one night time files are downloaded and combined into a daily
composite by averaging both when they are both available or
adding/substracting half the average offset (diurnal cycle) to the one

available.
...But a new product introduced last December called L3S-LEO-
Daily goes to 2000 and already accounts for the diurnal cycle.
We will evaluate migrating to it.



NOAA-LEO satellite SST calibrated to in-situ DFO Viking buoys
and off-shore thermographs

1“& SST products are self-consistent, but may have an offset

‘ "% with other data that must be adjusted in order to combine
5 e them and obtain 30-year monitoring climatologies and
023-08-16 . :
i time series.
e
3 10165 overlapping daily observations with buoys or

thermographs, equivalent to 28 years of daily observations
at one station!

The mean SST diurnal range is 1.6°C
We removed 34% of the observations with the highest
diurnal range, leaving a new mean diurnal range of 0.91°C

2o 1o oo 1o a2 3o These were used for calibration.
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Comparison of uncalibrated NOAA-LEO to Viking buoys

dna

off-shore thermographs
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Comparison of calibrated NOAA-LEO to Viking buoys
and off-shore thermographs
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Daily composites

Building weekly and monthly composites

Weekly/monthly composites built on average of daily anomalies, added to the climatology for the period.
This reduces biases introduced by incomplete data covering a period when SST is changing rapidly (e.g.
spring or fall).

Average daily anomalies Climatology for that week

Daily anomalies

Climatology Week 19

SST Anomaly Week 19

Daily 1985-2010 climatologies
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Calculating polygon averages for SST

Average of all pixel-level anomalies within the
polygon simply obtained by weighting each
weekly pixel anomaly by its pixel count

SST Anomaly Week 19
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of all Average of
pixel-level all
anomalies climatology SST Week 19
within the pixels
polygon
>T'(i,j,day)
N

Week 19
2024-05-06 to
2024-05-12
Pixel count

g 2
/ ey
/ & RS
0 1 é Zli &Ii 5 6 7

Number of pixels (days with good data)
Averaging anomalies (rather than SST) within a polygon reduces biases

Mean SST timeseries are calculated for each area, then 1991-2020 anomalies
introduced by incomplete data covering an area with spatial SST gradients. are calculated.



How much data is enough data?

For these areas that we report on, there were 109 months with

>50% pixel coverage (over all days of the month).
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What do we report

Estuary

<1881 <1981 2021

Coverage percentage

[ [ ]
S Ee)£2.2°C 25550 +4.8°C +5.0°C +1

)°C

+2.5°C (+4.3 SD)

Seasonal averages

Maan £ SD.
2G, Juna-Oct -05[HLt 5B EE - - EEEREE i ST CEIEE [N EX B kB B aspafilY o z|os|a1 |-oERE 4 2| 2.02°C +0.44
2J 42 | 52 2H, June-Nov |8 L EE RE 20N 0.4|-0.1|06fasfo7 o7 [o2]osjasfrel15[as 12f1o12[os{osfo1[-1.0008]11 327°C +053
3K 40| 41|24 2J, May-Nov -0.7|-1 0} 0.} 3|03 |03 gl oqo7|e1]|ev|loz{12ea|os 1-4f-0712[03}04 00 12|04|1.2] 362°C +083
3L 5038 (29 3K, May-Nov -osfosfoifral1d 12(0.4[07}osfo foafozfeslo1[ados]as 1.4[-0 4B 0 s]o2|01|-08{01]1a 568°C Q.74
-';"I:I' 146 120 @ 3L, Mar-Nov -ogo.1]oalas) 10{05asfosfosf1a]i1]relo1 [erfes]at 14|08 [10f0sfoslasl-04os]13)1a 6.08°C +061
10 ; 2 = ; % 3M, Mar-Nov [1.1]10}o 28 asloz|or|osl 13/00|0saafo1[14]12]eslos [ ados]az 15|09 [ ol o8l aoladloi]12)is 8.41°C 072
3p = ||z g 3N, Mar-Nov |o7jiE] o Rl12(0.6 07| 0 a1 12)07 B o shigo7 |10]1.2l oofoslo2|ao 12fFoafoojo1pifor [o7fios pEN0s| 814G +0.81
Southern Gulf 55 | |42 |30 33| g 30, Mar-Nov |praliafos Xl 1aloafos) a1 L1.0{os |20 1 {0 s 1.4 0a]-asl02fas 1.4|15)o7|0ofoslasosforfildos 12| a62°C +0.79
Northermn Gulf 51 413140 p 3P, Mar-Nov [1.8/04}oofeRl180.4f 0 3f1 488 os[osfosfo s gor B ol o o8] o 2fos|os |07 [asfasf 0| 02]og 15[01]1.0[as]o1[os]1a 2.26°C +0.63
Estuary 45 40 | 49 | 39 8 | Northen Gulf, May-Nov EL KIS - < BRI 5B 12[01[oa]orfosfor i -u|mua 06|oa fE07|oa|osloaloail]o1 [FYo.s|os|os|adl01]oa 8.94°C +0.60
:‘\:’_: 48 R E] Magdalen Sh., May-Nov 12}1 4 i 1303 |0.a]osfiafoz 1o J1ofrelosfos|ar 14| aslosfosoz ol o3 0s]0r|0s]12] 0ol 00]as 11.26°C +0.50
w ﬁ = %% x Estuary, May-Nov 1411 1 o.1|o6|01fo1|os-0zloz}osfooloslostosfosfer[os|oslasos|osfiaf 10jfE] 01 [0s)04[a8 TA9C 057
4X SS = 63| 46| 38 E?; 4vn, Mar-Nov foslososisiaafo i Los[os|ozfo @07 [13]0ao7 [18l01fos|oz|10f0sfozlados[orfiB1a]13]01]as]13]02|07{0a 8.35°C +0.56
4X eGoM BoF o) 41|38 4Vs, Mar-Nov 0203 a7} 1.0k Jo5los[osfosBlos[14]asloof1.00 2 10fos|0a]0sf1 0} 05|02 |asfE 1 [1a]os[1a]os|orfos]ia 9.39°C +067
m D 4W, Jan-Dec [l]oafoi 1.1 adosfosfospid-odiz|esfadlaresfiao [oshifostadoz[ofBdos[ia] ofE2]12]07] 1.0 2.81°C +063
4X 88, Jan-Dec |1 4 oafoafBEl1af4 if1 [05|02]|o01oaftd|-07|os|osl-0a4l-0o0a}oalosjos[48}asfasloafor o5|oaf11 15[13]02jo7 8.45°C +0.63
4X eGoM+BoF, Jan-Dec pi.3/asfo2fes-07EEH 1.3/-1.4BK 0 5[03|02fogl0.4-08fo7|esfosloa|osfbiafosos|asfoslez|oz o1 [ os 10|07 iR 0s]15]01]10} 15| so7ec 073
2G T T "o To T "o
2H [ | 48[76]64 77]79]60 3 5 @ 8 o 2 = &
2J 64/89/84|44 [10.0/11.0{7.2|46 2 2 2 5 & & & &
3K 10, 19 7.7 99]7.0
3M |50]44[a841]57|750121 s1]66|52]|45[a8l41[58]03 85)6.9
3N 4271 89|42 58 12,370 (3.7 -3 -2 -1 0 1 2 3
30 |45|38 36/64|95 1362|47 40]63 10.2(5.8 Anomaly (SD)
3P 54/8.7 90|44 37|70 81]4.9
Southern Gulf 5411 08{7.1 48|89 74
Northem Gulf 38|93 92|58 41|74 11055 ‘ 2 ’ g R
Eatuary colsohochznosles Salss PYIFE Stacked ‘area-weighted’ seasonal anomalies for the Atlantic Zone
4Vn 43(88 1889|456 40|72 81]45
4Vs |38 53|9.2 0.464]50 47|83 90|57
AW |44 3.7[6.6]11. 1983|62]44 36|57]9.7 9.9(6.2 -
4X SS |41 6.6]124 2.1|7.6|63|40 39|62|96 99|62 2 5 Sea Surface temperatures L 2G) JUne-OCt
4X eGoM BoF |g0]46[43]5.4]7.811: 19a8|70]ss5|4a]53]74]97 97]6.6 - : m 2H, June-Nov
J FMAMUJJASONTIDIJFMAMIJIASOND ﬁ 2 = 2J May NOV
2022 2023 : -
[ 5 15 o oL May o
Anomalies oc¢ 5o iwe T a0 s 1 m 3L, Mar-Nov
Temperature X 0 5 [} SM, Mar-NDV
2 = 3 3N, Mar-Nov
2) 5 0 = 30, Mar-Nov
| e
N S 0.5 1 3P, Mar-Nov
w & -1 m sGSL, May-Nov
o 515 m nGSL, May-Nov
3P > 2 m Estuary, May-Nov
Southern Gut < 1 4Vn, Mar-Nov
Estuary 2.5 T = P e e = 4Vs, Mar-Nov
:\\Ir: P = I o P pq P ][ M = 4W, Jan-Dec
T T
R S - o m 4X SS, Jan-Dec
- —
4X eGoM BoF ] S S m 4X eGoM+BoF, Jan-Dec

Anomaly (SD)

Marine heatwaves!




Where do we report

Physical Oceanographic Conditions in the Gulf of
St. Lawrence during 2023 STATE OF THE ATLANTIC OCEAN SYNTHESIS
REPORT

Peter S. Galbraith, Joél Chassé, Jean-Luc Shaw, Jacqueline Dumas,

Marie-Noélle Bourassa Renée Y. Bemier, Robyn E. Jamieson, Noreen E. Kelly, Caroline Lafleur,
and Andrea M. Moore (Eds.)

f,'ﬂf,zgs,;i’;?oﬁ“""s Cenede) Fisheries and Oceans Canada i
Maurice Lamontagne Institute, g‘g’ Region .
P.O. Box 1 Université Avenue

3 P.O. Box 5030
Mont-Joli, g Moncton, NB ”
G5H 324 ] . E -

E1C 986

Oceanographic conditions in the Atlantic zone in 2023

2023
Physical Oceanographic Conditions on the
2024 wfo : Peter S. Galbraith’, Marjolaine Blais', Martine Lizotte', Frédéric Cyr,
Newfoundland and Labrador Shelf during 2022 David Bélanger’, Benoit Casault’, Stephanie Clay’, Chantelle Laytor’, Canadian Technical Report of
Michel Starr', Joél Chassé+, Kumiko Azetsu-Scott’, Jonathan Coyne?, Fisheries and Aquatic Sci
Emmanuel Devred’, Carrie-Ellen Gabriel’, Catherine L. Johnson’,
Canadiar Gary Maillet’, Pierre Pepin?, Stéphane Plourde', Marc Ringuette’,
T s Jean-Luc Shaw'
Hydrogrd Frédéric Cyr, Jonathan Coyne, Steve Snook, Charlie Bishop,

Peter S. Galbraith, Nancy Chen and Guogi Han *Fisheries and Oceans Canada, Québee Region, Maurice Lamontagne Institute, P.O. Box 1000,
Mont-Joli, QC. G5H 324

NOT Y0 BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

o ) Rl ot s ccears s e
| B S “Fisheries and Oceans Canada, Newfoundland and Labrador Region, Northwest Atlantic Comdla' Connle'
Fisheries Centre, P.O. Box 5667, St. John's NL A1C 5X1

Northwest Aantic Fisheries Organization

Northwest Atlantic Fisheries Centre, Serfal No. N7293 NAFOSCRDOE. 22/020

*Fisheries and Oceans Canada, Maritimes Region, Bedford Institute of Oceanograplty P.O. Box

;:;"é‘“i 1006, 1 Challenger Drive Dartmouth, Nova Scotia, B2Y 442 SCIENTIFIC COUNCIL MEFTING - JUNE 2022
-as! o
St. Johi “Fisheries and Oceans Canada, Gulf Region, Gulf Fisheries Centre, P.O. Box 5030, Moncton, (NAFO Sub-areas 2, 3 and 4) during 2021.
A1C 5X NB EIC 9B6
Canadg 2024 EG
ICES
Northwest Ada
2024 CIEM
Physical Oceanographic Conditions on the Scotian . .
Shelf and in the Gulf of Maine during 2022 Canadian Technical Report of
Hydrography and Ocean Sciences ####
Ciia ICES REPORT ON OCEAN CLIMATE 2021
Hydro
David Hebert', Chantelle Layton', David Brickman', and Peter S.
Galbraith?
Fitharies and Coeans Péchies i Ocans Canads
| L3 | gL o rmerorion e S epe]  Volume 358 | December 2023

'Fisheries and Oceans Canada

Bedford Institute of Oceanography
P.O. Box 1006, 1 Challenger Drive
Dartmouth, Nova Scotia, B2Y 4A2

ICES COOPERATIVE “ . SV
RESEARCH REPORT ‘

RECHERCHES
Mpizmbe

?Fisheries and Oceans Canada
Maurice Lamontagne Institute
P.O. Box 1000

Mont-Joli, Québec, GSH 3Z4

2023

Canadian Technical Report of
Hyd hy and Ocean Sci 359

Aydrography

Fubato s oo Pt Gekaoa KES:  WTACAMLCOUNCLFORTHE BOURAIAOE T SA
| L s & Canadd M CONSDR WIEANATIONAL FOON FOCRORATION D€ LAMER




| SST vs air temperature Fo o
: . Seasonal cycle of SST is identical to that of air temperature G 2N
lagged by 2 weeks.
- SST, golfe
| Climatologie Air warms Air cools R
ocean ocean

15 -

10 -

Température (°C)

3

JJFMAMUJU J A S O ND

Galbraith, P.S., P. Larouche, J. Chassé and B. Petrie, 2012. Sea-surface
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Sea surface temperature (SST) from satelittes
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Sea surface temperature (SST) from satelittes vs air temperature

ol Interannual variability of May-November average SST is 72% explained by =3
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Last 3 years have been the
warmest on record.
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