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Lowest part of the atmosphere that controls the exchange of heat,
moisture, momentum etc at the surface interface

Depth varies between O(m) and O(km)

Always turbulent

Characteristics, diurnal cycles and strong vertical gradients
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CMIP5
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Evaluation of CMIP5 models i’@
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Evaluation of CMIP5 models

Diurnal cycle, midlatitude grassland, 7 sites
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PBL winds
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PBL winds are ageostrophic
Cross-isobaric angle
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What determines the cross-isobaric angle (01) and

the magnitude 7 = \/(rxz +7,2) of the friction?




PBL in climate & NWP models .1

parameterizations: turbulence models 4 IR
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The boundary-layer surface stress vector is provided by similarity
theory (e.g. Monin-Obukhov theory), assuming a constant flux layer,
relating the gradients from the lowest model level to the surface fluxes,
corrected by stability functions using stability parameter Monin-
Obukhov lenght (z/L) or Richardson gradient number

Stability functions are determined from carefully designed experimental
campaigns

Lack of global wind observations to constrain models:

« over ocean scatterometer observations provide estimates of the near
surface wind

« over land at midlatitudes, reanalysis constrained by radiosoundings
using geostrophic (mass - flow) balance
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ARM Southern Great Plains site

Six years of measurements
Radiosondes are released four times daily



PBL depth estimation Sl
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e Diagnosed using a bulk Richardson number (finding first level
where Ri,, > 0.25 or 0.30)

e When possible, use friction velocity to improve the estimate
following Vogelezang and Holtslag (1996)

e For a fair comparison, the same method is used to calculate the
PBL depth in the models and observations

1o
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Evaluation of CMIP5 models

Vertical structure, Southern Great Plains
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NWP models o,
Tricks to improve circulation in weather forecasts "ﬁl@?
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Long-tail functions - enhanced mixing in stably stratified conditions

Increase PBL depth

Increased heat fluxes
Biases include too strong surface winds and warm bias

Mixes out gradients e.g. Low-level jets are damped

Rotating the surface stress angle - results in more ageostrophic

flow in the PBL
« Magnitude of stress is not changed

« Heat fluxes not changed
« Not consistent with constant flux layer theory

In addition, enhanced surface roughness is often used to account
for sub-grid orography (or an alternative parameterization is used)

These methods improve the weather forecast but not necessarily
the PBL structure!
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Experiments in CAM5.3
10-year AMIP-type experiments
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Observations
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IGRA

e Soundings at over 1000 locations
(681 included)

e Limited vertical resolution

e PBLH from Seidel et al, 2010 (1971-}
2010)

SPARC
e High vertical resolution (6 or 1 s)

e Fewer points (US only)
e 1998-2011



Wind turning over PBL
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Evaluation of CMIP5 models:

« Large intermodel spread in diurnal temperature range (DTR) and
diurnal cycle of near-surface variables and surface fluxes

 Boundary layer depth is generally overestimated

« Vertical structure of planetary boundary layer is not represented
very well; Temperature is generally better represented than winds

« Wind turning over the boundary layer, or cross-isobaric angle, is
generally smaller in models and reanalysis products than

observations show

CAMS5 experiments:
« Large-scale circulation is very sensitive to surface drag

« Difficult to evaluate drag and near-surface wind due to lack of
global datasets, cross-isobaric angel could be a useful measure



