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Can SST Proxy Data Reconstruct Common Era AMOC variability?

Casey Saenger' Mike Evans?

"JISAQ, University of Washington “Dept. of Geology, University of Maryland

SU MMad I'y: Proxy surrogate reconstructions (PSRs) combine the strengths of proxy data and climate simulations. We construct PSRs
using the PAGES Ocean2K metadatabase of sea surface temperature annomalies (SSTa) and a subset of CMIP5 piControl, past1000 and
historical simulations, with the goal of reconstructing Atlantic Meridional Overturning Circulation (AMOC) and quantifying reconstruction
skill. Proxy data appear sufficient for centennial resolution, but greater variance than observed in simulations compromises skill. Empiri-
cal scaling of proxy data improves skill, but further work is needed to determine if such a scaling is realistic. Preliminary results suggest
subtle AMOC variations of +/- 0.5 Sv over the past 2000 yrs without clear trends during the Little Ice Age or Medieval Climate Anomaly.

Proxy Surrogate Reconstructions (PSRs)

e Simulations are physically realistic, but don't necessarily track the climate’s true evolution

® Proxy data record actual climate climate, but are spatially irregular and noisy.

* PSRs are an analog approach to utilize the strengths of proxy and GCM data (Graham et al. 2007)
1. Compile a network of paleoclimate data. Here, Ocean2K SST reconstructions +

2. Construct a catalog of model-based estimates of the same variable. Here, CMIPS historical, past1000 (CCSM4,

MPI-ESM3) and piControl (CCSM4, MPI-ESM3, CNRM and INMC)
3. When simulations skillfully capture proxy SST, all model variables can be accessed
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What temporal resolution is possible?
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97% of proxy data has average sampling resolution of 1 sample/100 years or higher.
100 year binned averages, shifted every 50 years yields 36-53 records per bin

Otherimportant considerations and what we've learned

Absolute SST vs. anomalies:
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statistics because proxy/model are “told" to equal each other 0 0 mpmen
e 0-2000CE: Fixes problem above, but excludes most records _HI_IDDI"I.I ;
® Best choice: Calculate anomalies over a proxy record’s entire :
interval. This is unique for each record and requires individual

ized catalogs of simulations with anomalies calculated in the

same Way (fOr past'l OOO) |n|||||||||||g|nn|n|l|| [

ENERN
ug O
o
]
1 [

]

[]
0

s

(e 4o

510

Um0

][]
[ L1
m

mEma.

L

]

.
—[1 [

e
==’

]
[ 1
L

Seasonality:
e Annual only: Assume seasonal anomalies will be very
similar to mean annual at 100 year intervals
e Annual, Spring and Summer: Include MAM and JJAin
simulation catalog searched for PSR
® Best choice: Individualized catalog uses seasonality re
ported by original publication

:

Skill metrics:
® calibration/validation r >0
® calibration/validation p < 0.1
® intercept within error of 0
® validation RE > 0
® validation CE> 0
® Best choice: We adopt 3 highest RE, but are open to ideas.

Calibration/validation ratio:
® Appears largely insensitive to 50/50, 66/33 and 80/20

Weighting:

® Appears largely insensitive to no weight vs. 1/s.d. | | | |
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Calibration/Validation:
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* Median proxy SSTa data in each time bin (red circles) overlaps with
SSTa variance in simulation catalog (black histogram).

* [ndividual proxy records (open grey circles) can show appreciably
larger variance, with SSTa values that don't have an analog in simu-
lation catalog.

Marginal validation likely related to much larger variance
in proxy data than in simulations.

® | ocal scale processes not captured by simulations
® Changes in proxy seasonality
 Non-temperature effects on proxy data

What if proxy data were dampped so each proxy record had
the same variance as its simulation grid point?
See below...
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® Asin histogram above, but with proxy data scaled to have the same
variance as simulation in the closest 1°x1° gridbox

* (Unsurprising) better agreement with few (if any) no analog cases.

TOWARD AMOC RECONSTRUCTIONS

* Use the 3 highest RE in a timestep to derive AMOC

* Balances over calibrating and under validating

® Gives similar distances for calibration and validation

e Each of the 3 highest RE values is based on the mean of
3 iterations.

e Median AMOC in 9 simulations (replicates are possible)

66/33, weighted, unscaled calibration validation
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3 * Significant calibrations (median r>0, median p<0.1), but proxy cool-
£ ing trend not seen in simulations.
0.4  Mixed validation statistics (r>0, but no p<0.1) and similar bias
— T T . . . . . e [f median r>0, median RE is often >0
0 500 1000 1500 2000 0 500 1000 1500 2000 oy .
* No positive median CE
66/33, weighted, scaled calibration validation
12 — 1.0 — 10
R S 10 Y B : N EL Lo .« ol :
eeswha T 05 - Kt oh it 1 o0k chii ki 0.5 - Kilk-.of AlRH - 13-
- & 84 : i £ ifaes - L,
MP11k =4 -0.5
-1.0 -1.0
| | | | | | | | | | | I | | |
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
12
10
CCSM1k ol **se  olles — g 8 - —
S o S
e R R e E 6 — §
o T_S 4 o
-0.5 -
--------------------------------------- 2 —
- Bpe -1.0 0 -1.0
INMCp A Wl 1 T | | I I | | | T 1 | | | [
oded B g 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
s 0 —
CNRMp i 0.4
""""""""""""" @ T EIRE BEEEE| "B TRy CN| PESERESER B = | ST ;—; -
—_ LO
4 = | = >
MPIpi ! 5 %5 ] = .02
| 04 -
-4 - | -4 - . 8 T
| | | | | | | | | | |
8 e ® Bie® 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
* Generally similar results (still no strong model bias, proxy age sim-
S ilar to time in past 1000 simulations, etc).
anB| _ e More significant p values and smaller cooling bias (probably a
o - result of damping proxy data)
1 T o~ . o (e . . . .
Gt 5 e \ery significant calibrations (median r>0, median p<0.1), and
é 0.2 o more significant validation statistics (r>0, more p<0.1)
- -0.4
E— , | , , , * Dots mark iterations with the highest 3 RE in each time step
0 500 1000 1500 2000 0 500 1000 1500 2000 _ e High RE usually means significant validation, with modest reduc-
tion in calibration statistics
a
1.0 d 10 4
3 05 - + 3 05 -
g + + + g - + Tt n
S 00 - S 00 Tees - T
©) ©)
= 05 - = 05 -
0 02505 0.75 1 0 02505 0.75 1
1.0 - - -1.0 '
[ I I I I [ I I I I
0 500 1000 1500 2000 0 500 1000 1500 2000
“1h 4-Db = =
3 N 3 - = - — - ]
?% ?% [ - = —
'% 2 . '% 2 - -;- = ] - —
g = T S : - 44 @ =
— -_l_-_' -_-I-_ ——— " —_l____—_——l-- el -—-—|_-__—-
0 oo - - . — o S S
pearsonr  -log (p) wm B o pearson r log (p)
[ I I I I [ I I I I
0 500 1000 1500 2000 0 500 1000 1500 2000
‘¢ 44C
3 3
S S
- S
S | 2 T — — - -
-1'ﬂ-iF- — - [ — . -iF'h--F-F-F-L-F.r- N --::::F=E:::r"'h.3'“'h. -ﬁ..h-
—— - _—__ __—_I-I-__ oy = — __—__ -— =
0 —-----1 i -__-_-ﬁﬁ_—— """"""""" - _--_—_- """"" 0 I R sl L I R g - T
pearsorH"- : CE i-_-l——_— By -_ — pearson r CE
T — = | | | T | | | |
0 500 1000 1500 2000 0 500 1000 1500 2000

AMOC reconstruction for unscaled PSR. a) median AMOC

danoMma

ly (+/- 15.d.) for 3 highest RE iterations (color bar). Grey bars

note time steps where validation r>0, p < 0.1. Intervals where cali-
bration r <0 and p>0.1 are masked. b) calibration r(black) and

log p(
dation

blue). Dashed lines note r>0 and p<0.1.¢) as in b for vali-
r(black) and -log p (orange). CE (brown) is also shown.

AMOC reconstruction for scaled PSR. As in panel at |eft.

® Results suggest a relatively stable AMOC with centennial scale
anomalies of +/- 0.5 Sv that are smaller than the ~3 Sv suggested
from Florida Straits transport (i.e. Lund et al., 2006).

* 1900-2000 AMOC does not appear anomalous, but does not vali-
date well.

Conclusions

® PAGES, Ocean2K proxy data has spatial and temporal
coverage that seems suitable for centennial scale PSRs
based on SSTanomalies during the past two millennia

e Calculating simulation anomalies relative to the same
time frame and season appears reasonable.

* Highervariance in proxy data relative to simulations cre-
ates no-analog cases that may reflect local scale dynamics
not captured by coarse simulations, proxy vital effects, or
other processes

e Empirical scaling of proxy data improves PSR skill, but is
it realistic?

e Reconstructed AMOC shows subtle anomalies of +/- 0.5
Sv. Unscaled reconstruction hints at a MCA to LIA reduction,

but is less obvious in scaled data.

Future work

e Construct PSRs from higher spatial resolution simula-
tions that capture local scale dynamics (e.g. eddies)

e Add additional CMIP simulations

® [ncorporate oxygen isotope data and isotope enabled
simulations

e Compare piControl, single forcing and multiple forcing
simulations for detection/attribuition

* Pseudoproxy experiments of how proxy data variance af-
fects AMOC, and where new proxy data has largest impact.
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