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Meteorology in the Polar Regions

HISTORICAL PERIOD             DEVELOPMENT                NOW

An ever evolving but always sparse constellation of assets

AGE OF DISCOVERY



1800    1825    1850     1875    1900    1925    1950    1975    2000 

1800    1825    1850     1875    1900    1925    1950    1975    2000 

INSTRUMENTAL 
ERA (1750)

A
R

C
T
IC

A
N

TA
R

C
T
IC

Circumpolar
Stations

SATELLITE
ERA

Circumpolar
Stations
IGY

RESEARCH
DRONES

First Station
S.  Orkney
Orcadas

First Stations
Atlantic Sector

NNRSPARSE INPUT
REANALYSIS

HAWS
NP

HISTORICAL PERIOD             DEVELOPMENT                NOW

I’m going to focus on – and link – the historical period with the present

AGE OF DISCOVERY

Meteorology in the Polar Regions



Chylek et al. 2010 (Derived from GISS)

SAT’ Arctic (blue), N. America (orange), SST’ Tropics (green), N. 
Atlantic (purple). Brönnimann 2009. 

Arctic Climate Impact Assessment, 2005

Historical period

ETCW 

Are they representative of the regions as described?
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ΔT
  (1900-19 minus 1920-39 Winter)

Largest SAT anomalies in the Atlantic – 
Arctic region

Attribution: low-frequency climate  
oscillation (e.g. AMO) or red noise?

Resolution confounded by lack of long 
marine-met & station records

–

Spatial pattern of ETCW

+

Willet 1950 20CR V2

CRUTEM3v

El Niño / PNA



Vinther et al. 2006, Iceland Meteorological Office (T. Jónsson), Klingbjer and Moberg 2003, Walén 1886, NOAA World Monthly Surface Station Climatology and GHCN,

ETCW

Existing Record (CRUTEM3v)

TNA

Extended instrumental series

Station-based reconstruction

Calibrated on modern data

Correlation  ≥ 0.95

Homogeneity questions

Independent confirmation

Atlantic-Arctic
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Composite SAT locations
Ice cores
SST anomaly records
Sea ice indexes

FISH FISH

Credible?



SST0’ (Hadley SST2)

Atlantic SST’ different

(Grey et al. proxy reconstruction)

r = 0.67/0.92

Hadley ISST

Detrended and filtered (0.1 cpy)

Contours: Mean SST’ (16-22° C) 

___

Detrended and filtered (0.1 cpy)

RecirculationGyre

Mid-Atlantic connection

NNR Net Heat Flux

05.07.13



Fragments in time
Most historical Arctic data are marine-met & temporary stations

Too cold for Hg LIG

Calibration issues

Strange exposures

Various methods

HMS Plover intercomparison project

Problems:

How big a problem? NOAA Barrow Observatory

Aspirated RTD  

                                HMS Plover  
                                replica screen

Hourly SAT register

Metadata!
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Much more data out there

Russia
USA
Great Britain
Other / Unknown

RUSSIA ALASKA

BERING SEA

1880-1909

ICOADS Individual Ship Reports – Each dot is a single measurement at time t

We know many ships were collecting hourly observations in this region…



Ships like these…

USRC Bear                                        USRC Perry                                                                           USCS Patterson

USRC Corwin                                 USS Vicksburg                        USS Yorktown                              USS Rodgers

USS Jeannette                               USRC Rush                               USS Pinta                                       USRC Thetis



…collected tons of data



?HOW
do
you
get

all those scribbles
turned

into DATA



End-to-end data rescue

ICOADS Individual Ship Reports

1880-1909Russia
USA
UK
Other

20th Century Reanalysis V2

Composite 10-meter wind (m s-1)

PHOTOGRAPH

CROWDSOURCE

INTEGRATE
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QC QC QC
Handwriting                               10x Efficient       Faster                                    More accurate                       Higher resolution

Today1881

275,000 pages photographed –  
23 million new-to-science observations

25,000 pages transcribed so far

275,000 pages photographed –  
23 million new-to-science observations

25,000 pages transcribed so far

Old Weather – Arctic



Looks like this:

User interface built by Arfon & Co at ZOONIVERSE



What can we expect?

Transcribed observations are 
currently being used in at least 4 
reanalyses:

They are also being used for verification 
of HadISST2…and more

  20CR V3 (Gil Compo, Colorado)
  ERA-Clim (Dick Dee, ECMWF)
  SODA (Ben Geise, Texas A&M)
  HURDAT (Chris Landsea, NOAA)

New-to-science data in the Pacific – Arctic 1849 on

Perspective on change in large-scale sea ice dynamics

Fill in data gaps around WW1 and WW2

Extended SST/wx records in times and regions where now limited 
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JOIS CTD 140W section, 26-27 July 2011 
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Arctic Wave Glider



P
re

ss
ur

e
, d

ba
r

Distance, km

D
e

pt
h

, m

-1

-2

-3

-4

-5

-6
1 Aug 2 Aug 3 Aug 4 Aug 

°C

Mackenzie Delta

ALASKA

MODIS Composite SST 19-20 July 2011 

JOIS CTD 140W section, 26-27 July 2011 

Wave Glider section, 1-4 Aug. 2011 

12

10

8

6

4

2

0

Te
m

pe
ra

tu
re

, °
C

FACTORS

Anomalous
easterly winds

Sea ice
in motion

Runoff entrained
under sea ice
(129 of 246 km3)

Rapid 
     advection 
     stratification
     heating
     sea ice melt

Now: emerging phenomena?



23 June 2008  4 July 2008  

10 July 2008  14 July 2008  

MODIS sequence shows rapid warming (~0.5 °C day-1) under clear-sky conditions
Animations at: 

http://www.pmel.noaa.gov/arctic/glider/movies/mackenzie_composite_2008.mp4
http://www.pmel.noaa.gov/arctic/glider/movies/mackenzie_composite_2008.wmv

Three weeks in July

http://www.pmel.noaa.gov/arctic/glider/movies/mackenzie_composite_2008.mp4
http://www.pmel.noaa.gov/arctic/glider/movies/mackenzie_composite_2008.wmv


…unseasonable warmth into freeze-up

(and melt potential equivalent to annual Bering Strait inflow)

°C

MODIS composite SST 12-13 September 2011

Mackenzie Delta

Point Barrow

ARCTIC OCEAN

Alaska

Cloud

Sea Ice

Leads to…



12-13 September 2011
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Plume sensitivity to winds…
probably increases as ice pack becomes more 
mobile in the early summer

NNR Beaufort Sea zonal wind anomaly (JJA)
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Not so chilly.

Now – in context



How it fits together

There are emerging and/or newly observable temperature 
phenomena in the Polar Regions – how does this inform 
interpretations based on the historical record?

Most Arctic historical data is useful given suitable attention to 
limitations – but some is worthless. 

Essential to understand both the distribution and quality of the data 
underlying any representation of regional temperatures – without 
which misleading results are guaranteed.



How it fits together

There are emerging and/or newly observable temperature 
phenomena in the Polar Regions – how does this inform 
interpretations based on the historical record?

Most Arctic historical data is useful given suitable attention to 
limitations – but some is worthless. 

Essential to understand both the distribution and quality of the data 
underlying any representation of regional temperatures – without 
which misleading results are guaranteed.

Next – NOAA Hurricane Hunter 
heads to the Arctic  to get a better look
at autumn storms and heat flux over
the Beaufort/Chukchi Seas.
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