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Arctic Climate System

land-surface
atmaspheré
axchanges
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? oo oo e Complex Interactions

* Rapidly Changing

o Amplified warming with
multiple feedbacks

What is needed?

e Comprehensive picture of the changing Arctic climate
 |mproved temporal and spatial resolution over existing global reanalyses

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



Arctic System Reanalysis

e Regional reanalysis of the Greater RS mmmﬂm
- > . ﬂuﬁﬁﬂn%ﬂz%ﬂé@}m

Arctic (2000-2012)

* Includes major Arctic rivers and NH
storm tracks

e Uses Polar WRF with WRFDA (3D-
VAR)

e Two Versions
e ASRv1-30km & ASRv2-15 km Ot Aot 163 167 Sk

e 71 Vertical Levels (1%t level — 4m)
« 3h output ASRv1: Bror.nW|ch et al. 2016 QJRMS
ASRv2: Bromwich et al. 2017 BAMS (in rev.)

* ASRv1 30 km and ASRv2 15 km available online at the *

NCAR CISL Research Data Archive — A special thanks to Chi-Fan Shih!



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

e 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)

e Improved cloud microphysics for polar regions — ongoing

,.
o




Atmospheric Data Assimilation in ASR with WRFDA (3D-Var)
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1 105°W

. v'"More than 4000

surface stations
v'Around 300

& | 120°W sounding stations

150°E 165°E 180° 165°W 150°W 135°W

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



December 2006 — November 2007 (3 h comparison)

2 m Temperature (°C) 2 m Dewpoint (°C)
RMSE Correlation Bias RMSE Correlation
1.99 0.92 0.32 2.04 0.88
1.33 0.96 -0.02 1.72 0.92
1.08 0.97 0.22 1.51 0.94

Over Surface Pressure (hPa) 10 m Wind Speed (m s?)
4000 stns. RMSE  Correlation  Bias RMSE  Correlation

0.98 0.99 0.41 2.13 0.64

0.83 0.99 -0.24 1.78 0.70

0.70 0.99 0.24 1.40 0.80

Surface

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

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

e Small 10 m wind speed biases — 20% more variance captured
by ASRv2 than ERAI
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Incident SW vs BSRN
Annual (Dec 06-Nov 07)
Bias (W m™)
RMSE
Correlation

100, 12101

June 2007 ASRVZ ERAI

Midlatitudes (5 stns) Polar (6 stns)
ERAI ASRvl ASRv2Z ERAI ASRvl ASRv2
14.6 42.0 27.0 -6.7 17.6 14.8
118.8 104.6 95.3 55.6 53.8 55.4
0.83 0.92 0.92 0.82 0.87 0.86
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Downwelling LW vs BSRN
Annual (Dec 06-Nov 07)
Bias (W m™)
RMSE
Correlation

.t}

Midlatitudes (5 stns) Polar (6 stns)
ERAI ASRvl ASRv2Z ERAI ASRvl ASRv2
-8.8 -11.4 -6.8 -5.9 -11.8 -13.9
23.5 26.3 24.9 27.8 34.0 34.6
0.80 0.77 0.78 0.66 0.59 0.61




Topographically-Forced Winds

——"
.

3 | Arctic System Reanalysis improvements in topographically forced
S winds near Greenland

G. W. K. Moore,® David H. Bromwich,? Aaron B. Wilson,? Ian Renfrew? and Lesheng Bai®
aDepartment of Physics, University of Toronto, Canada
bPolar Meteorology Group, Byrd Polar and Climate Research Center, Ohio State University, Columbus, OH, USA
“Department of Geography, Ohio State University, Columbus, OH, USA
dSchool of Environmental Sciences, University of East Anglia, Norwich, UK

*Correspondence to: G. W. K. Moore. E-mail: ewk.moore@utoronto.ca



 High complex topography

e Proximity to North Atlantic storm track

e Yield topographically forced weather
systems (tip jets, barrier winds &

katabatic flow)

e Rolesin local weather/global climate
(sea ice transport, polynyas, ocean

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

ASRvV2 72
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Barrier Flow

Both capture enhanced barrier flow

along Denmark Strait (05) and NE flow
near Cape Farewell (CF)

Increased resolution = higher wind

speed

e ASR demonstrates

1.

2.

Enhanced wind speed gradient along
ice edge

Low wind speeds downwind of
Sermilik and Kangerdlugssuaq Fjords
(topographic sheltering effect Moore
et al. GRL 2015)

Onshore extension of high wind
speed near



Scatter Plots of the DMII Stations

e ERAI has high/low wind speed
bias that is reduced in the
ASRV?2.
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 Both regression slope and
correlation coefficient approach
1 as one transitions from the
ERAI to ASRv?2.

Iy

* ASRv2 still overestimates wind
speeds during weak wind
regimes — likely tied to the
sheltering situations

10 m wind speed (m s~

ASRv2




Intense Barrier Wind in Denmark Strait @ 15 km

Wind Speed

3 6.9 13 16 20 23 VA
O3UTC Mar 03, 2007




Intense Gap Wind in Nares Strait @ 15 km

Wind Speed

3 6.9 13 16 20 23 VA
O3UTC Feb 09, 2007




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.)

. decline across the Arctic.

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




Arctic Cloud Work — Improvements to Polar WRF

ASCOS August 2008 ARISE September 2014

135°E
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90°W
165°E

75°W

60°W 45°W 30°W 15°W 0° 15°E 170°E 180° 170°W 160°W

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

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
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Figure 15. Scatter plots of simulated versus hourly cloud liquid water (mm) for (a) Control, (b) Snow Albedo. (¢) Morrison 100
cmr, (d) Morrison 50 cm, (e) Morrison 20 cm, and (f) Morrison 10 cm™ at ASCOS during 10 August — 3 September 2008,



GREATLY REDUCING the Arctic Cloud Condensation Nuclei (CCN) in

PWRF LEADS to accurate simulations of incident shortwave radiation
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ASCOS has detailed aerosol observations

-3

mRegire 1 a
& oy J ]
mRegire 3
s Hogme 4 .
L ]
-
l'.'
LI "
s JiypEm "
L] "
LN
- N
[ | . L ] F. -
[ .
a I. :" 5
¥ *‘l.- *
n [ ] '. - L]
[ a [l
x40 B0 B0 100 120 140 160 180 200
mRemire 1 d ™1
® Hegirra 2 -
mRegime 3 -
®Hogime 4 -
L]
L] .‘
n .
[ ] -
a | L
L] o .
Nt oE ’
L
L] = LI
" .a:.;_.
- ' -
** © 50 cm
20 40 &0 80 100 120 140 180 180 200

Observations (W m?)

~m-3

= Regire 1 h mRegire 1 c
*» Hegirre 2 120 { | » Regme 2 -
mRegime 3 - EReqire 3
® Rogire 4 120 | | e Regirra 4 .
u u
"
r 140 [ ] .
n
.I L] = 1 y-. '
= * 4 u .j " C
L] - 100 = U ] .
-l .-IE- L [ ] ’ y ‘.
[} - " l. [ L o
= = L1 po
. .
- 5 " m et - = - f‘
‘ -‘ ‘. . Eﬂ . .
.'-. e f
’-" x a0 -
'y A . - (
[] t*
Il
20 40 6O 80 100 120 140 160 180 200 20 41 B0 80 10D 120 140 160 180 200
200
= FRegire 1 . R 1 f
» Hagire 2 - 120 *Ragma 2 -
mRegire 3 - " Regine 3 -
® Ragie 4 = 180 { | @ Regme 1 |
[ .
]
u ' 140 n
L :' !| 'l ™
. ] . & 120 ] L
s = '.:.il" .l.!- "l T N
- -
] L] * 100 L "
e . -
- - L]
#-h ‘*. =0 = a. .
* = % 1| s
.’ ®"T
- B s e
® s . 2 - 3
- m$ < F % 10 cm
7T 20¢c C
20
40 B0 B0 100 120 140 160 180 200 20 40 EBOD 80 100 120 140 160 180 200

Observations (W m?)

Observations (W m2)

Figure 13. Scatter plots of simulated versus observed hourly incident shortwave radiation (W m-?) for (a) Control. (b) Snow Albedo.
(¢) Morrison 100 cm?. (d) Morrison 50 cm. (e) Morrison 20 em. and (f) Morrison 10 cm™ at ASCOS during 15-31 August 2008.



QR

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

*Surface variables compare very well with surface observations
 Marked improvement in skill over ERAI in near-surface temperature,
moisture, and especially wind speed

eRadiation in ASRv2 improved over ASRv1 (30 km)

e ASRv2 is qualitatively similar to ERAI
e Positive SW and Negative LW biases are smaller but highlight the remaining
challenges with cloud prediction

1 *Topographically-forced wind events near Greenland resolved well

| *ASRv2 will be brought up to date in the near future
g
5 e Implies a substantial modeling benefit from high spatial resolution

g *Cloud physics and aerosol concentrations are critical parameters for
| Arctic prediction
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