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Why teleconnections?

• They drive regional weather: the NAO steers Atlantic storm tracks and European winters; the PNA shapes North American 
temperature and rainfall.

• Computing them consistently - across datasets, levels and seasons - is computationally heavy.

• This summer: a tool that computes teleconnection indices for the GMAO datasets.

The winter AO (Arctic Oscillation) pattern in the GiOCEAN dataset - the first of ten modes the tool tracks.
NAO: North Atlantic Oscillation  |  AO: Arctic Oscillation  |  PNA: Pacific North American pattern  |  GMAO: Global Modeling and Assimilation Office
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GMAO forecasts ENSO. What about the extratropics?

• I developed a tool that produces 
teleconnection indices for GEOS-S2S.

• GMAO publishes forecast plumes for Nino 
3.4; this extends that product family to the 
AO and PNA, which carry most of the NH 
seasonal predictability.

• Observed patterns from the reanalysis; 
forecast indices from GEOS-S2S-3.

dataset: GiOCEAN reanalysis

Right: REOF2, the Pacific North American pattern - the second of the ten winter modes; the AO on the previous slide is the first.
ENSO: El Nino-Southern Oscillation  |  NAO: North Atlantic Oscillation  |  PNA: Pacific North American pattern  |  REOF: rotated empirical orthogonal function  |  GEOS-S2S: Goddard Earth Observing System Subseasonal-
to-Seasonal
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One tool - every choice is one line

• Initialization month: any month with forecasts in the 
archive.

• Variable and pressure level: H at 500 or 250 hPa - or 
any field in the collection.

• Domain and season: the pattern set follows the 
verifying month automatically.

• Index convention: projection or least squares.

The settings block of the forecast script: rerunning for a new case is an edit to one line.
hPa: hectopascal (pressure)  |  DJF, MAM, JJA, SON: three-month seasons by month initials
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Documented and versioned on GitHub

The methodology document in the GEOS-S2S-3 repository: every step written down, every script and output under version control - and a README with instructions for 
anyone who wants to replicate it.
GEOS-S2S-3: Goddard Earth Observing System Subseasonal-to-Seasonal, version 3
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Every month is a mix of a few basic patterns

27 years of monthly height maps, repeated for every season - each map becomes one row of the table. (Schematic: synthetic fields, for illustration.)
height map: the geopotential height field (H), the altitude of a pressure surface
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Every month is a mix of a few basic patterns

EOF analysis discovers the ingredient list: fixed patterns, monthly amounts. (Schematic: synthetic fields, for illustration.)
EOF: empirical orthogonal function
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Why the patterns are rotated

raw EOF: mathematically optimal,
spread across the hemisphere

rotate

after rotation: one region,
one nameable pattern

Rotation refocuses each pattern on one region - same information, but now each mode has a name: AO, PNA, ... (Schematic, for illustration.)
EOF: empirical orthogonal function  |  REOF: rotated empirical orthogonal function  |  NAO: North Atlantic Oscillation  |  PNA: Pacific North American pattern
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Two independent reanalyses, the same indices
REOF1: the Arctic Oscillation (AO) REOF2: the Pacific North American pattern (PNA)

MERRA-21C and GiOCEAN analyzed independently: REOF1 (the AO) correlates at 1.00, REOF2 (the PNA) at 0.99 - black and blue curves sit on top of each other.
REOF: rotated empirical orthogonal function  |  NAO: North Atlantic Oscillation  |  AO: Arctic Oscillation  |  PNA: Pacific North American pattern
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From reanalysis to forecast

forecast
height map

GEOS-S2S-3,
45 members/month

subtract
drift

compute anomaly

area
weighting

every square km
counts equally

project onto
observed patterns

"how much does this
map look like the AO?"

index per
pattern

AO, PNA, ... on the
historical scale

NAO: North Atlantic Oscillation  |  PNA: Pacific North American pattern  |  GEOS-S2S-3: Goddard Earth Observing System Subseasonal-to-Seasonal, version 3

Drift correction: forecasts are compared with the model's own typical state for that start month and lead - what remains is the 
actual prediction.
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The product: a teleconnection forecast plume

REOF1, the AO. Black: observed (GiOCEAN, through June). Dashed: 45 ensemble members by start date. Red: the ensemble mean. Where black overlaps the plume, the 
forecast can be judged against what happened.
REOF: rotated empirical orthogonal function  |  NAO: North Atlantic Oscillation  |  AO: Arctic Oscillation  |  H: geopotential height  |  hPa: hectopascal (pressure)
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And this is what it says right now: the July release

The current release: 40 members from the June 2026 starts; a subset of extended members runs nine months, into the 2026-27 winter.
REOF: rotated empirical orthogonal function  |  NAO: North Atlantic Oscillation  |  AO: Arctic Oscillation  |  H: geopotential height  |  hPa: hectopascal (pressure)
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Thank you

github.com/virsgandhi20/GEOS-S2S-3
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