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a. Ensemble Mean Bias b. Model Standard Deviation of Bias

Multi-model mean response Inter-model response spread

e) CMIP5 slp (hPa) f) CMIP5 sip std (hPa)
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Models do not agree on the sign of the shift in the Aatdtude surface jets,
let alone the magnitude

Barnes andPolvani(2013)



How can we reduce model uncertaint§read

Zonally averaged torque (N- m)
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A Better understanding of processes governing the range seen
In climatological circulation of models
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Momentum budget as a tool for
understanding circulation sensitivity to drac

Vertically integrated zonal mean angular momentum budget:
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Momentum budget as a tool for &
understanding circulation sensitivity to drac

Vertically integrated zonal mean angular momentum budget:
Angular momentum flux convergence (AMFC)
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Resolved orographic
torque
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understanding circulation sensitivity to drac

Vertically integrated zonal mean angular momentum budget:
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Boundary

layer (BL) Subgrid scale

orographic(SSO)

Fo = Fpr + Fawp + FBiocking



Sources of uncertainty in surface drag:

- Models with different horizontal resolutions
will havedifferent resolvedsurfacedrag



Sources of uncertainty in surface drag:

- Models with different horizontal resolutions
will havedifferent resolvedsurfacedrag

- Orographic drag parameterization
formulation varies between models and
resolution
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Sources of uncertainty in surface drag:

- Models with different horizontal resolutions
will havedifferent resolvedsurfacedrag

- Orographic drag parameterization
formulation varies between models and
resolution

Understandthe contributions to model
uncertainty from parameterized and resolved
orographic drag



Momentum budget as a tool for
understanding circulation sensitivity

Vertically integrated zonal mean angular momentum budget:

o[1ppz] o ([1 mupas] coso)

Y rcoso f AP

ot
+ {/OO cos ¢pdzf| — 920 | _ | Fol cos ¢]
. Po N 0

Coriolistorque  / Resolved orographic M = Ur cos @
torque

Boundary

layer (B Subgrid scale

orographic(SSO

Fo = Fpr + FawbD + FBiocking



O NI KQa

17159

.8...

Budget terms (10'® N m)
T Q T T

[#+3] University of
Reading

Iy 3 dzf | NJcongtrained/ O dzY
through initial conditions

1511

— AM
- RES

I
]
=]

Budget terms (10"®* N m)

Latitude

A. Brown (2004), QJRMS



[sss) University of

.
L

Nudge towards ERifiterim in free atmosphafes
AX (Xa — Xur)
— = F(X
At (X)+ T
X = (u,v,T)
[V + [0V DIF |
N - 30
30 = 7 0 =
g = ; 0 b . 4= E — | Nudged
S 100 |- 15 XT3 s £ [(onterrain following
@ L - -20 10 § coordinate)
= 233 U @ -10 151 10
500 : 5 ~ s
5
"7)23 , } Un-nudged
90 60S 308 EQ 90N

Hartmann 2007



Model Setup

A Model: UK Met Office Unified ModeENDGamge
Non-hydrostatic, semLagrangianregulariat/lon grid
85 hybridheight vertical levels extending to 85km
A AMIRstyle:Prescribed SSTs and sea ice

A Months for analysisJanuary 1998 andanuary 2010 (1
month spin up with nudging) & short range forecasts

A 3resolutonsmonlyY O0OfAYI OGS NBazf dz
climate resolution N216), 25km (seasonal forecasting N512)
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The relative contributions of resolved and parametrized surface drag towards balancing
the atmospheric angular momentum flux convergence (AMFC) and their sensitivity to
horizontal resolution and parametrization are investigated in an atmospheric model. This
sensitivity can be difficult to elucidate in free-running climate models, in which the AMFC
varies with changing climatologies and, as a result, the relative contributions of surface
terms balancing the AMFC also vary. While the sensitivity question has previously been
addressed using short-range forecasts, we demonstrate that a nudging framework is an
effective method for constraining the AMFC. The Met Office Unified Model is integrated
at three horizontal resolutions ranging from 130 (N96) to 25km (N512), while relaxing
the model’s wind and temperature fields towards the ERA-Interim reanalysis within the
altitude regions of maximum AMFC. This method is validated against short-range forecasts
and good agreement is found. These experiments are then used to assess the fidelity
of the exchange between parametrized and resolved orographic torques with changes in
horizontal resolution. Although the parametrized orographic torque reduces substantially
with increasing horizontal resolution, there is little change in resolved orographic torque
over 20-50°N. The tendencies produced by the nudging routine indicate that the additional
drag at lower horizontal resolution is excessive. When parametrized orographic blocking
is removed at the coarsest of these resolutions, there is a lack of compensation, and even
compensation of the opposite sense, by the boundary layer and resolved torques, which
is particularly pronounced over 20-50°N. This study demonstrates that there is strong
sensitivity in the behaviour of the resolved and parametrized surface drag over this region.



Sources of uncertainty in surface drag:

- Models with different horizontal resolutions
will havedifferent resolvedsurfacedrag
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Shading indicates range over model resolutions
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Shading indicates range over model resolutions
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Shading indicates range over model resolutions

30 Jan 1998
— AMFC
20 —— SS
— B
10
0
-10
-20
—-30
-90 -60 -30 0 30
Latitude

1 0 ( [f;o mfupdz} COS ¢)

60

90

Budget Term (10'*Nm)

-rcosqﬁ

¢

30 Jan 2010

— AMFC
20 —— SSO
— BL

10

-90 -60 -30 0 30 60 90
Latitude

Large change in parameterized
orographic torque with resolution

_FBL — FGVVD — FBlocking



Budget Term (10'¥*Nm)

30

-60 -30

1

' Unlver5|tyof

= Reading
Shading indicates range over model resolutions

Jan 1998 30 Jan 2010

AMFC

—~ 20 Resolved
&
=
?‘3 10
£ 0 <
(O]
|_
%—10
©
>
@ _20
-30
0 30 60 90 -90 -60 =30 0 30 60 90
Latitude Latitude

Little change in resolved orographic

o (| J2 mupdz| cos ) _ |
fzo mupdz | cos ¢ torque with resolutionover 30N to 60N

-frcosqﬁ

_FB

¢

0z
. FGVVD — FBlocking 3 [pOa] |



[#s4) University of
= Reading

Shading indicates range over model resolutions
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Hemispheric Contributions

Resolution sensitivity predominantly over Eastern Hemisphere

SSO - Jan 2010
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Sources of uncertainty in surface drag:

- Orographic drag parameterization
formulation varies between models
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No blocking minus control High blocking minus control
(Nudged runs) (24 hour lead time)
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