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Seasonal Prediction Algorithms:
Statistical Methods in Seasonal Sea Ice
Forecasting

3 Categories:

1) Persistence (anomaly persistence / using past ice to

forecast future ice)
2) Empirical models (relating antecedent climate to ice)

pd

3) Down-scaling / MOS (inferring more detailed
information from regional/global model output)

Present an overview using examples from SEARCH SIO
and CIS activities


Presenter
Presentation Notes
Understand causes of inter-annual variability (what’s important and what’s not) and try to predict on seasonal time-scales


Search SIO / NAIS ... what is being forecast

SEARCH SIO
Pan-Arctic: September Sea Ice Extent ... One number!

l

Regional: Open to any regional sea ice parameters (BSI,
Barrow break-up, ice area around Svalbard, ice area in the peripheral
seas, open/close shipping routes)

l

NAIS Sea Ice Outlook for Arctic Waters




Table 3: Western Arctic - Break-up Outlook Dates

2008 Median Qutlook for 2009
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PERSISTENCE

Year-to-year persistence
* fit functions to the historical extent time-series
* SI0: linear and non-linear fit

NSIDC extent = 7.551*exp(—exp(.1039*(year-2017)))
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PERSISTENCE

Month-to-month persistence
* relate past ice (monthly ice area, ice age, ice type, ice
decay rates etc.) to September ice extent
* variants of regression

Estimated 2011 September sea ice extent 4.8 £+ 1.7 10° km?*
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Contributor: Beitsch




PERSISTENCE

Month-to-month persistence
* more complex regression techniques to predict location

of anomalies 2011 September Ice Conc. Anomaliei
2

Method: CCA
Predictor: Feb Ice Conc

Extent Projection: 4.48 +0.63 *10°km”

Contributor: Tivy



PERSISTENCE

Regional month-to-month persistence
* forecast regional ice area

Regional ice area lagged correlations: ALL ICE DETRENDED

Pan-Arctic
East Siberian
Greenland

Beaqﬁ:‘t-(?]mkchi Sea: 1.32 £0.26 *10° km?, based on May MYI

Beaufort/Chukchi

East Siberian Sea: 0.43 £ 0.16 *10° km?, based on September All Ice
Laptev Sea: 0.24 0.12*10° km’ , based on May All Ice

Kara-Barents Sea: 1.49 £ 0.11 *10° km®, based on April MY1

Greenland Sea: 0.26 £ 0.07*10° km®, based on February All Ice

Contributor: Tivy



EMPIRICAL MODELS

Relate present/past climate to future sea ice
* regression based methods

Method:
Multiple Linear
Regression

=——rA2=0 82; MAE=0.28
rd2=0.82, MAE=0.30

r"2=0.83, MAE=0.28

3 rn2=0.76; MAE=0.36

“ |’§ ——rt2=0.79; MAE=0.32

T eemACTUAL

Predictor pool:
Teleconnection
Indices, NCEP
data (SST, SAT,
SLP, z500), sea
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Contributor: Tivy



EMPIRICAL MODELS

Relate present/past climate to future sea ice
* regression based methods

Method:

Multiple Linear
Regression at
each grid point

Predictor pool:
sea ice, SLP,
2m air temp.

9-10/10
7-9/10
4-6/10
1-3/10
0-1/10
lce Free

Contributor: Arbetter



EMPIRICAL MODELS

Relate present/past climate to future sea ice
* regional scale

sty esine _ll__,,;;‘;j;,-“” Barrow break-up

** based on short-wave flux
from WRF
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Total Shortwave Energy since 5 June (M)/m

250 300
Mean Shortwave Flux since 5 June (W/m?2)

Contributor: Petrich Ilce around Svalbard (72 to 85N and 0 to 40E)

ICeseptember = 224642 + (-22995.0 * AO0rc)
+(0.11207 * Ic€repruary)

+(11992.54 * S5T,,.)

Contributor: Gerland



“DOWN-SCALING” MODEL OUTPUT

Predicting the Beaufort Severity Index (BSl) using output from
the PIOMAS model (thickness, conc., extent)

Correlation of
BSI with
" . PIOMAS
SR W] output
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Predictor: G1.9m

Prediction: 1048. +/- 167.

R*2 of Fit = 0.63
glrtedicted

— Observed
Trend

BIS Index

Contributor: Lindsay 1960 1670 1690 1660 2000 2010




To support the NAIS outlook, seasonal forecasting
models are required to :

a) Predict the dates of actual sea ice events
b) Predict the general pattern of break-up / freeze-up
c) Predict general evolution of the ice season



CIS: Autoregressive Model

&prog May14




CIS: Automated Multiple Linear
Regression

Gridded climate data are included
in the predictor pool after being
reduced to a single time-series

Narrow the predictor pool (initial pool ~ 1000 predictors)

Generate the final model equation by step-wise regression

Test that the model is statistically robust
a) check regression assumptions
b) Monte Carlo to test for artificial skill (r2 > 0.6)
c) Leave-one-out cross-validation to test for over-fitting

Compare the skill of the model to benchmark models (climatology, analog,
persistence)

Confirm that predictors make physical sense



CIS: Automated Multiple Linear
Regression

CT Sea Ice Anomaly
Long Lead Seasonal Outlook %
Whole Season

2011/12
Issued: August 2010

based on 3 equiprobable categories
from 1971-2000 climatology
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=
CIS: Canonical Correlation Analysis
(CCA)

SeaIce Concentration Anomaly Outlook |
Period: July 2011 Issued: January 15, 2011  |Historical Percent Correct (1971-2005)
Basedon 3 equiprobable categories from 1971-2005 climatology |6-month sea ice concentration anomaly forecast

| = 010 40% not
4 significantly

>”| ==Below Normal . better than
ENear Normal “J
| B Above Normal

T g
70 80 90 PC(%)

PREDICTORS: FALL (OND) SAT, z500 and North Atlantic SST*
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Presentation Notes
Good skill coverage; it’s low but comparable to seasonal skill in temperature and precip


- AN ENSEMBLE MEAN FORECAST FROM A FULLY-COUPLED - ONE-TIER OCEAN-
ATMOSPHERE DYNAMICAL

- CANONICAL CORRELATION ANALYSIS LINEARLY PREDICTS THE EVOLUTION OF PATTERNS OF
TEMPERATURE AND PRECIPITATION BASED UPON PATTERNS OF GLOBAL SST - 700MB HEIGHT - AND U.S.
SURFACE TEMPERATURE AND PRECIPITATION FROM THE PAST YEAR

- THE ENSEMBLE IS CREATED BY MAKING FORECASTS USING VARIOUS PREDICTOR VARIABLES TO
MAKE FORECASTS, THEN AVERAGING THE FORECASTS WITH EQUAL WEIGHTS.

- THE OPTIMAL CLIMATE NORMALS METHOD PREDICTS T AND P ON THE BASIS OF
YEAR-TO-YEAR PERSISTENCE OF THE OBSERVED AVERAGE ANOMALIES FOR A GIVEN SEASON

- CONSTRUCTED ANALOG ON SOIL MOISTURE IS BASED ON EMPIRICAL ORTHOGONAL
FUNCTIONS (EOF) FROM DATA OVER THE LOWER 48 STATES BEGINNING IN 1932. THIS TOOL CONSTRUCTS
A SOIL MOISTURE ANALOG FROM A WEIGHTED MEAN OF PAST YEARS. THE WEIGHTS ARE DETERMINED
FROM THE SIMILARITY OF SOIL MOISTURE CONDITIONS IN PRIOR YEARS TO A COMBINATION OF RECENTLY
SOIL MOISTURE OBSERVATIONS AND A MEDIUM RANGE FORECAST OF SOIL MOISTURE OUT TO 14 DAYS
BASED ON MRF TEMPERATURE AND PRECIPITATION FORECASTS

- SCREENING MULTIPLE LINEAR REGRESSION TOOL IS USED TO EXTRACT INFORMATION FROM A
VARIETY OF SOURCES TO PRODUCE A FORECAST FOR SEASONAL AND MONTHLY TEMPERATURE AND
PRECIPITATION.



Summary

Statistical methods being used are variants of
regression (AR, MLR, CCA, etc...)

Role in the near term: forecast local scale to
hemispheric scale parameters and compliment
physical model forecasts

Role in the long-term: likely move towards down-
scaling model output

Open Question: How are we going to assimilate
forecasts from the suite of statistical tools and
physical models
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Presentation Notes
Understand causes of inter-annual variability (what’s important and what’s not) and try to predict on seasonal time-scales
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