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Arctic Climate System

• Complex Interactions

• Rapidly Changing 

• Amplified warming with 
multiple feedbacks

• Comprehensive picture of the changing Arctic climate 

• Improved temporal and spatial resolution over existing global reanalyses

• A system-oriented approach focusing on the atmosphere, land surface 
and sea ice

What is needed?



Arctic System Reanalysis
• Regional reanalysis of the Greater 

Arctic (2000-2012)
• Includes major Arctic rivers and NH 

storm tracks 

• Uses Polar WRF with WRFDA (3D-
VAR)

• Two Versions
• ASRv1-30km & ASRv2-15 km
• 71 Vertical Levels (1st level – 4m)
• 3h output

ASRv1 30 km and ASRv2 15 km available online at the  
NCAR CISL Research Data Archive – A special thanks to Chi-Fan Shih!

ASRv1: Bromwich et al. 2016 QJRMS
ASRv2: Bromwich et al. 2017 BAMS (in rev.)



Polar WRF (versions 3.1-3.8.1)

• Improved treatment of heat transfer for ice sheets and revised 
surface energy balance calculation in the Noah LSM

• Comprehensive sea ice description in the Noah LSM including:
• Sea ice fraction specification (mosaic method) – works with MYNN surface 

boundary layer
• Specified variable sea ice thickness (ASR-inspired)
• Specified variable snow depth on sea ice (ASR-inspired)
• Sea ice albedo seasonal specifications (ASR-inspired)

• Improved cloud microphysics for polar regions – ongoing



Atmospheric Data Assimilation in ASR with WRFDA (3D-Var)

Snapshot of Available Data on 
December 1,  2007 within a 3hr 

window



Name
2 m Temperature (°C) 2 m Dewpoint (°C)

Bias RMSE Correlation Bias RMSE Correlation

ERAI 0.29 1.99 0.92 0.32 2.04 0.88

ASRv1 0.10 1.33 0.96 -0.02 1.72 0.92

ASRv2 -0.04 1.08 0.97 0.22 1.51 0.94
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4000 stns.
Surface Pressure (hPa) 10 m Wind Speed (m s-1)

Bias RMSE Correlation Bias RMSE Correlation

ERAI -0.03 0.98 0.99 0.41 2.13 0.64

ASRv1 0.03 0.83 0.99 -0.24 1.78 0.70

ASRv2 -0.03 0.70 0.99 0.24 1.40 0.80

December 2006 – November 2007 (3 h comparison)

• Very small 2 m temperature and dewpoint biases in ASRv2 
with much improved RMSE over ERAI

• Large scale synoptic patterns well captured – great match 
with ERA; very high skill in surface pressure

• Small 10 m wind speed biases – 20% more variance captured 
by ASRv2 than ERAI



June 2007

In
ci

de
nt

 S
ho

rt
w

av
e

Incident SW vs BSRN Midlatitudes (5 stns) Polar (6 stns)

Annual (Dec 06-Nov 07) ERAI ASRv1 ASRv2 ERAI ASRv1 ASRv2

Bias (W m-2) 14.6 42.0 27.0 -6.7 17.6 14.8

RMSE 118.8 104.6 95.3 55.6 53.8 55.4

Correlation 0.83 0.92 0.92 0.82 0.87 0.86

ASRv1-ERAI ASRv2-ERAI



June 2007
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Downwelling LW vs BSRN Midlatitudes (5 stns) Polar (6 stns)

Annual (Dec 06-Nov 07) ERAI ASRv1 ASRv2 ERAI ASRv1 ASRv2

Bias (W m-2) -8.8 -11.4 -6.8 -5.9 -11.8 -13.9

RMSE 23.5 26.3 24.9 27.8 34.0 34.6

Correlation 0.80 0.77 0.78 0.66 0.59 0.61

ASRv1-ERAI ASRv2-ERAI



Topographically-Forced Winds



• High complex topography 

• Proximity to North Atlantic storm track 

• Yield topographically forced weather 
systems (tip jets, barrier winds & 
katabatic flow) 

• Roles in local weather/global climate
(sea ice transport, polynyas, ocean 
circulation)

Greenland’s Place in Arctic/Global System

Tracks of 100 most intense winter extra-tropical 
cyclones 1989-2008 (Courtesy U. of Reading)

Tip Jets & 
Barrier Winds

Occurrence Frequency (%)  of 10m QuikSCAT Winds in excess of 20m/s
(Sampe & Xie, BAMS 2007)



• Assess the representation of low-level winds in the ASR:
• Across the Arctic
• Near Greenland

• ERA-Interim (~80km) and 2 versions of ASR: 
• ASRv1 (30km) and ASRv2 (15km)

• Observations:
• Operational met stations in SE Greenland (surface and 

radiosonde) 
• Aircraft observations (low-level and dropsonde) made during 

the Greenland Flow Distortion Experiment (GFDex) that was 
held during Feb/Mar 2007.

Motivation

GFDex airborne campaign (Feb-Mar 07)



Topography of Southern Greenland (km) as represented in the ERA-I (80km) and
ASRv2 (15km)

DMI stations in the region are indicated

Greenland Topography



Barrier Flow
• Both capture enhanced barrier flow 

along Denmark Strait (DS) and NE flow 
near Cape Farewell (CF)

• Increased resolution ≈ higher wind 
speed

• ASR demonstrates 
1. Enhanced wind speed gradient along 

ice edge
2. Low wind speeds downwind of 

Sermilik and Kangerdlugssuaq Fjords 
(topographic sheltering effect Moore 
et al. GRL 2015)

3. Onshore extension of high wind 
speed near CF 

DS

CF

Mean 10 m Wind

12

3



ERA-I

ASRv2

Scatter Plots of the DMI Stations
• ERAI has high/low wind speed 

bias that is reduced in the 
ASRv2.

• Both regression slope and 
correlation coefficient approach 
1 as one transitions from the 
ERAI to ASRv2. 

• ASRv2 still overestimates wind 
speeds during weak wind 
regimes – likely tied to the 
sheltering situations



Intense Barrier Wind in Denmark Strait @ 15 km

03UTC Mar 03, 2007

ASR 30kmASR 15km
Wind Speed

m/s

Iceland

GreenlandGreenland

Iceland



Intense Gap Wind in Nares Strait @ 15 km

03UTC Feb 09, 2007

ASR 30kmASR 15km
Wind Speed

m/s

GreenlandGreenland

Ellesmere
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January Trends in the 
Kara and Barents Seas

Negative January sea-ice trends in the Kara and 
Barents Seas for the period 2000-2012. 

40%, nearly 4 times the basin-wide sea-ice extent 
decline across the Arctic. Sea Ice

Temp LW

PrecipSp. Hum.

Enhanced sensible and latent fluxes 

Linear change in 2-m temperature of 
nearly 13°C 

Evaporation of moisture leads to 
enhanced downward longwave 
radiation at the surface

Significant precipitation trends 
downwind from the strongest sea-ice 
decline east of Novaya Zemlaya 
Bromwich et al. 2017 BAMS (in rev.)



ASCOS August 2008 ARISE September 2014

New Polar WRF simulations to study the model representation of Arctic low-level clouds

27 km, 9 km and 3 km grids 8 km grid

Arctic Cloud Work – Improvements to Polar WRF

Hines and Bromwich, 2017: Mon. Wea. Rev.



GREATLY REDUCING the Arctic Cloud Condensation Nuclei (CCN) in 
PWRF CORRECTS the excessive simulated liquid water content in low 

clouds.

ASCOS has detailed aerosol observations
Control

10 cm-320 cm-350 cm-3

100 cm-3

250 cm-3



GREATLY REDUCING the Arctic Cloud Condensation Nuclei (CCN) in 
PWRF LEADS to accurate simulations of incident shortwave radiation 

at the surface

ASCOS has detailed aerosol observations

Control

10 cm-320 cm-350 cm-3

100 cm-3
250 cm-3



•ASRv2 (15 km; 2000-2012) completed; Now available at NCAR CISL!

•ASRv2 will be brought up to date in the near future

•Surface variables compare very well with surface observations 
• Marked improvement in skill over ERAI in near-surface temperature, 

moisture, and especially wind speed

•Radiation in ASRv2 improved over ASRv1 (30 km)
• ASRv2 is qualitatively similar to ERAI
• Positive SW and Negative LW biases are smaller but highlight the remaining 

challenges with cloud prediction

•Topographically-forced wind events near Greenland resolved well
• Implies a substantial modeling benefit from high spatial resolution

•Cloud physics and aerosol concentrations are critical parameters for 
Arctic prediction

Summary



David H. Bromwich
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