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Bounding the role of surface radiation in Arctic climate with in situ observations
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station located on the coastline of the Chuckchi Sea at Barrow, Alaska (71.323 °N, 156.611°W, 11 meters
above sea level). The blue-dashed line shows the average of all years since 1985 when the record began
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Data Record
(Need SW Total, diffuse and direct components)
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Winter exhibits
cooling, Summer
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dependent on
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Radiative Flux Analysis (RadFlux)

” Hi ! | ‘ LW LW SWg e SWp e SWprd SWT
Relative Humidity, Temperature
! Remove suspect data, IR loss correction
Long and Shi 2008

Clear-sky SW & LW, total sky cover, LW
effective sky cover, cloud optical depth,

cloud transmissivity, sky brightness
W temperature, cloud radiative temperature,

LW clear sky emissivity

Long and Ackerman 2000, Long and Turner 2008, Long 2005,

Barnard and Long 2004, Barnard et al. 2008, Long et al. 2006, Durr
and Philipona 2004, Marty and Philipona 2000




Radiative Flux Analysis (RadFlux)

 RadFlux methodology

—Time series analyses of surface broadband
radiation and meteorological
measurements (T/RH)

* Need at least 5-minute resolution
— Detect clear-sky (cloud free) periods
— Use detected clear sky data to fit functions

— Interpolate coefficients to produce
continuous estimate of clear-sky
irradiances

— Use clear-sky and measured irradiances to
infer cloud forcing and cloud properties



Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

Cooling compared to clear sky
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Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

Cooling compared to clear sky

— o= Summit (Miller et al. 2015)
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Winter CRF similar at all sites
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Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

— o= Summit (Miller et al. 2015)

- — Tiks1 CRF initially increases in
—— Barrow spring with increase in cloud
i Nv-Alesund amounts and SZA: still high 7
A? " albedo.
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Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

Summit summer snow

Rl — o Summit (Milleretal. 2015) covered: high albedo,

60 - g | dominated by LW warming_
i Tiksi (Miller et al. 2015)

20 L — Barrow {
) —Ny-Alesund SW cooling at other sites
100 k Alert during snow-free season. |
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Humidity trends imply increased sensitivity to

clouds in a warming Arctic

Christopher J. Cox"2, Von P. Walden3, Penny M. Rowe?® & Matthew D. Shupe'?2
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Distributions of
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The longwave analogue to the
affects of albedo on SW CRF...

Distributions of cloud radiative effect
are different at some sites because of
different T/PWV climates

CRE in far-IR and atmospheric
window compensate at constant RH



Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

Factors determining when

= Summit (Milleretal. 2015) CRF transits between

— Tiksi cooling and warming
i —— Barrow include latitude, surface
——Ny-Alesund albedo, cloud amounts
L Alert and type, T and q.
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Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

— o= Summit (Miller et al. 2015)
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Longwave Cloud Radiative Effect (LW CRE)
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LW CRE is pretty similar between the sites.
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Visible Optical Depth

overcast skies Apr-Oct
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Cloud properties vary between sites

e.g.,

Cloud occurrence greater at Barrow than
other sites in autumn.



Applications — seasonal sea ice forecasting

e Autumn sea ice conditions are thought to
be affected by radiative conditioning of the
ice in spring.

* Springtime downwelling all-wave at Barrow,
Alaska, well-correlated with autumn sea ice
extent.




CRF Anomaly [W m™?]

15

10

wn
T

o

'
L
T

N
=]
T

Clouds Warm

I~
N
1

o
|

T

Clouds Cool

*

-25

h
=
T

[ a) CRF

Cloud Radiative Forcing [Wm'2]

—1993-2014
- Low Ice Years 4
High Ice Years

-100 : :

1 32

60

91

121

152 182 213 244 274 305 335

Janl Febl Marl Aprl Mayl Junl Jull Augl Sepl Octl Novl Decl

@
1993

@
2007

(@]
® @ 1997
1999 2000

=033 (< 001) .2004

2014

1996 A+

-0.5 0 0.5
Sept. SIE Anomaly [10° km?]

Date

The observed correlation is driven in part by
clouds.

Increased CRF during spring supported by positive
cloud cover anomaly early followed by negative
anomaly late.

The subtleties of the CRF transition in spring
appear to be important!

Cox et al. submitted J. Climate, 2016



Conclusions

Working to leverage Arctic BSRN observations collectively to advance process
understanding.

Properties of the environment that are not cloud properties (e.g., surface cover,
T,q profiles) are among the largest sources of variability in CRF.

Interannual variability in CRF is similar to differences between sites except in
autumn. Intra-site characterization is needed.

On average, CRE,,, is similar between the sites, but this is from different
combinations of cloud properties and interaction with T/qg. Analyzing
components of SEB and understanding how balance is reached through
compensation is a priority.

BSRN observations may be useful in advancing seasonal-scale sea ice forecasting.
Working on a multi-site empirical-statistical methodology.
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Spring LW, “Zero Curtain”

Snow-free Ground Barrow (1993-2014)

Zero-curtain (~ 315 W m-?)
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CRF [W m™]

Monthly Mean Cloud Radiative Forcing (CRF)
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