
The Diurnal land/atmosphere coupling experiment, DICE:

Derivation of the atmospheric forcing

Full details of the motivation and experiment description are given in the experiment protocol
document. In summary, the idea is to run three model configurations for 3 days from the CASES-
99 field experiment in Kansas (latitude 37.65 N, longitude 263.265 E), from the afternoon (19 UTC)
of October 23rd 1999 to the 26th. These are:

1. stand-alone land surface models (LSM) forced by observed near-surface parameters

• to include a multi-year spin-up period to generate soil temperature and moisture profiles

2. stand-alone atmospheric single column models (SCM) forced by observed surface fluxes and
stresses, and “large-scale forcing”, from an intial sonde profile on the 23rd

3. the SCM coupled to the LSM

A good feature of these days is they give three nights of varying character: intermittent turbulence,
continuous turbulence and very stable, respectively. They have also been successfully simulated by
a coupled model (i.e., configuration 3 above) in Steeneveld et al. (2006). It is also very close to the
GABLS II intercomparison (SCM forced by observed surface T, 2.5 days from 22nd October) in
Svensson et al. (2011).

As always with SCM simulations, generating appropriate “large-scale forcing” is important so
that the models are kept as close as possible to the observed state but without overly constraining
them so as to hide their biases. Given that a key driver of the intercomparison is to examine the
impact of coupling surface schemes with atmospheric models, it is important that any drift in the
atmospheric state is not simply the result of a drift driven by inappropriate large-scale forcing.
Equally, simply relaxing the atmosphere strongly to the observed state would presumably only
generate results from coupled models that were very similar to the standa alone LSM.

1 Summary of atmospheric forcing

Both configurations (2) and (3) above require the following large-scale forcing, as contained in the
driver (netcdf) file:

• time-height varying temperature advection (“hadvT”, K/day)

• time-height varying moisture advection (“hadvq”, kg/kg/day)

• time-height varying zonal momentum advection (“hadvu”, m/s/day)

• time-height varying meridional momentum advection (“hadvv”, m/s/day)

• time-varying zonal geostrophic wind (“Ug”, m/s)

• time-varying meridional geostrophic wind (“Vg”, m/s)

1



• time-height varying vertical velocity (“w”, m/s), or pressure velocity (“omega”, Pa/s)

The driver file also contains the following surface data required to drive configuration (1):

• time-varying surface sensible heat flux (“shf”, W/m2)

• time-varying surface latent heat flux (“lhf”, W/m2)

• time-varying surface friction velocity (“ustar”, m/s)

• time-varying surface skin temperature (“Tg”, K), used in my SCM to generate upward LW
flux

and initial atmospheric profiles:

• potential temperature (theta)

• specific humidity (qv)

• winds (u, v)

• pressure (pf)

• ozone (o3mmr)

plus surface pressure (psurf)

2 Derivation of atmospheric forcing

This section describes the derivation of what is traditionally referred to as the “large-scale forcing”,
listed above, to represent the effects of air-mass advection over the site under study. Typically in
previous GASS boundary layer cloud and GABLS intercomparisons this has included subsidence,
large-scale horizontal advection of temperature and humidity and a geostrophic wind. Additionally,
in order to remove the effects of differences in model near-surface wind on surface fluxes, the CGILS
intercomparison also included strong (15 minute timescale) relaxation to the observed (in that case
initial) wind profiles. Here, since the structure of the near-surface wind is an important degree of
freedom, particularly in SBLs and the morning transition (see GABLS II), such relaxation is to
be avoided. However, initial tests using the forcing in Steeneveld et al. (observationally derived
uniform geostrophic wind profile, temperature advection and subsidence) showed significant errors,
even when combined with their relaxation to the sonde profiles above the boundary layer. For
example, their mesoscale analysis of radiosondes suggested the only horizontal advection was simply
a uniform warming during the second day, yet the sonde at the end of the first day (at 10pm local
time) has a very similar temperature in the boundary layer to the initial sonde (at 2pm, see Fig. 1a),
despite a significant surface heat flux into the boundary layer between those times. This strongly
suggests some missing cooling that could only come from horizontal advection. Another example
is a problem that arises from the rapid fall of the geostrophic wind at the end of the afternoon
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of the 25th October that is simultaneously accompanied by a drop in both 10m windspeed and
friction velocity. In the SCM this leads to a large overestimate of the windspeed in configuration 2
(because the small u∗ gives very little drag, see red line in Fig. 8c) and a large overestimate of u∗ in
configuration 3 (as the continuing high wind speeds generate a large turbulent stress). Given the
significant synoptic scale change in the flow implied by the change in geostrophic wind, it seems
plausible there was also advection of slower winds over the site too.

To correct these problems there appear to be two options to try and constrain the simulations
more closely to reality. One would be to relax to the sonde profiles at all levels. This would then
raise the difficult question of how closely can they be constrained (i.e., how short a relaxation
timescale can be used) without hiding model biases? Hence the strategy adopted here is to derive
more detailed horizontal advection from the sonde profiles using a budget analysis.

2.1 Temperature and humidity forcing from a budget analysis

Figures 1 and 2 show the evolution of the sonde θ and qv profiles across the three days, where the
profiles have been cell-averaged onto the SCM vertical grid and linearly interpolated to half-hourly
times. Immediately obvious is the subsiding of features in the free atmopshere above the boundary
layer, especially in the moisture profiles. This leads to an estimate for the large-scale divergence, D
(such that w = −Dz), of 5×10−6 s−1 during the first two days and zero thereafter. This subsidence
is illustrated in Fig 2a for air starting at 3km. Above 3km w is linearly reduced to zero by 8km.

Also shown in Figs 1 and 2 are the terms making up the budgets of θ and q. The subsidence
term is calculated directly from the sonde profiles and w, as estimated above. The radiative and
boundary layer increments are from a simulation made with the Met Office SCM using the observed
surface fluxes and relaxation to the sonde profiles with a 3 hour timescale from 200m above the
boundary layer top and 12 hours within the boundary layer. Other results from this simulation
are shown in Figs 6 to 12. Noting that the time resolution of the sondes (shown by the vertical
lines in Figs 1 and 2) can be relatively coarse compared to the diurnal cycle, the SCM increments
have been integrated in time between the sondes and applied uniformly in those time intervals, as
shown in the figures. Subtracting these terms from the sonde evolution leaves what is taken to be
the horizontal advection forcing.

Even though the SCM was forced by the observed surface fluxes, this budget analysis relies on
the boundary layer parametrization in the SCM to accurately distribute these through the lower
atmosphere. Additionally, there is entrainment of air at the top of the daytime that can be seen to
induce a cooling and drying tendency there (except when moister air overlies the PBL at the end
of the 24th October). To reduce the impact of this entrainment signature from this particular PBL
parametrization on the advection forcing, the forcing increments calculated above are integrated
from the surface up to two SCM grid-levels above the greater of 250 m and the PBL depth and
redistributed uniformly over that depth. This depth is chosen so as to include any effects from
entrainment and also to give a vertically uniform forcing across the nocturnal boundary layer.
Finally the increments are cell-averaged to a uniform 100m grid and smoothed in both time and
space using a simple 1-2-1 filter.

3



Figure 1: Evolution of θ: (a) sonde profiles, (b) rate of change of θ from sonde profiles, (c) boundary layer and
(e) radiation increments from a Met Office SCM simulation as described in the text, (d) subsidence forcing (using
interpolated sonde profiles) and (f) smoothed resultant horizontal advection forcing. The dashed line is the PBL
depth from the SCM and the vertical lines mark when the sonde profiles were made.
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Figure 2: Evolution of q: (a) sonde profiles, (b) rate of change of q from sonde profiles, (c) boundary layer increments
from a Met Office SCM simulation as described in the text, (d) subsidence forcing (using interpolated sonde profiles)
and (e) smoothed resultant horizontal advection forcing. The dashed line is the PBL depth from the SCM and the
vertical lines mark when the sonde profiles were made. The solid line is the evolution of air starting from 3km under
subsidence alone.
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Figure 3: Geostrophic wind speed estimates as average wind up to 3km (solid) and winds at 800m (dashed). Vertical
lines mark when the sonde profiles were made.

2.2 Wind forcing

Effectively the same strategy is used to derive the wind forcing except that the subsidence is not
applied and geostrophic wind forcing is included. As noted above, Steeneveld et al. estimated the
geostrophic wind as the radiosonde winds at 800m. As shown in Fig. 3 this gives large variations
through the three days that don’t appear particularly realistic (especially the large u values early on
the 25th) when compared to the full wind profiles in Figs. 4a and 5a. Instead, the average wind over
the lowest 3km will be used here (shown in Fig. 3 and Figs. 4b and 5b). As in Steeneveld et al. the
geostrophic wind profiles will be assumed to be vertically uniform. One other simplification that
has been made is to ignore the significant jet apparent in the first sonde v profile around 2km (see
Fig. 9d) as this otherwise gives a very strong geostrophic wind initially.

Now that the geostrophic wind has been estimated, the horizontal advection tendencies are
calculated in exactly the same way as for the thermodynamic ones above, with the results and
various contributions to the budgets shown in Figs. 4 and 5. It is interesting to note that the
variability of the winds in the sonde profiles leads to substantial variability in advective tendencies.

2.3 Surface flux forcing

In configuration 2 the SCM is forced at the surface by observed fluxes and stresses. In the Met Office
SCM it is reasonably straightforward to overwrite the sensible and latent heat fluxes calculated
explicitly in the surface exchange scheme with those observed and set the implicit solver to use
explicit surface coupling (and so pick up the observed fluxes). This is less straightforward for
momentum and so instead I have overwritten the explicitly calculated drag coefficient using the

model level 1 windspeed, V , and observed u∗ (i.e., set c
1/2

D = u∗/V ). Fig. 8b shows the subsequent
implicitly calculated surface stresses (dashed lines) still match the observed u∗ very well (the SCM
timestep is 15 minutes).
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Figure 4: Evolution of u: (a) sonde profiles, (b) u component of the geostrophic wind (c) rate of change of u

from sonde profiles, (d) boundary layer increments from a Met Office SCM simulation as described in the text, (e)
geostrophic forcing (using interpolated sonde profiles) and (f) smoothed resultant horizontal advection forcing. The
dashed line is the PBL depth from the SCM and the vertical lines mark when the sonde profiles were made.
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Figure 5: Evolution of v: (a) sonde profiles, (b) v component of the geostrophic wind (c) rate of change of v

from sonde profiles, (d) boundary layer increments from a Met Office SCM simulation as described in the text, (e)
geostrophic forcing (using interpolated sonde profiles) and (f) smoothed resultant horizontal advection forcing. The
dashed line is the PBL depth from the SCM and the vertical lines mark when the sonde profiles were made.
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To generate the upward surface LW radiative flux, shown in Fig. 7c, the observed skin temper-
ature is used (Fig. 6a) but clearly still gives a significant (∼10 Wm−2) positive bias suggesting a
bias in the model’s emissivity (assumed to be 1 here). For the relected SW a constant albedo of
0.22 is used that gives good agreement with the observations (Fig. 8a). In principle it would be
possible to explicitly apply the observed upward radiative fluxes but even the error in the upward
LW flux is unlikely to make a significant contribution to the model temperature evolution.

3 Results

Note the result presented here use soil data from a preliminary version of configuration 1 with only
2 years’ spin up in the surface scheme.

I’m moderately encouraged that the new forcing described above really does seem to keep the
model profiles looking plausibly like the sondes (better than my previous attempt, presented at the
pan-GASS meeting, where I used relaxation to the sondes) but still with enough flexibility that
model biases are allowed to develop. For example, the excessive daytime latent heat flux in the Met
Office SCM surface scheme, JULES, (green line in Fig. 7a) results in a moist bias in the boundary
layer (e.g., Figs. 11b and 12b).

Another interesting feature is that the comparison with observed fluxes (Fig. 7a) suggests the
coupled model’s evaporation at night is also excessive yet the sonde profiles (e.g., Figs. 10b) show
much better agreement from the coupled model than when forced by the observed surface fluxes
in generating enhanced near-surface moisture. Could this indicate some problem with observing
weak moisture fluxes at night?

3.1 ECMWF SCM comparison

With many thanks to Irina, I have results from the ECMWF SCM to compare against. Due to
technical difficulties she was able only to force configuration 2 using the observed surface heat and
moisture fluxes, i.e., without specifying the surface stresses. Instead these are calculated internally
using the SCM’s roughness length given its windspeed. For comparison I have run the Met Office
SCM in the same way (using the observed z0 = 0.03m) and, despite giving significant errors in u∗,
see Fig. 13a, it makes remarkably little difference to the profile evolution, see Figs 14 to 16. This
suggests to me that the large-scale forcing is sufficient to broadly constrain the wind profiles such
that errors in surface drag are not significant. For example, the differences in near surface wind
and temperature profiles at night between ECMWF (orange) and the Met Office SCM (blue) are
much greater than whether the u∗ forcing is included in the Met Office SCM (blue vs green). I

should check what ECMWF use for z0

In addition, to show the differences between the Met Office and ECMWF SCM in a wider con-
text, Figs 14 to 16 include two further Met Office simulations where the parametrized entrainment
rate is significantly reduced and enhanced, respectively. While the inversion height and boundary
layer moisture from ECMWF fits well within the range from the Met Office simulations, the signif-
icant boundary layer warm bias that develops with ECMWF does not. It is possible this difference
comes from different pressure-height conversions being used in the two models.
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Figure 6: Comparison with surface observations (black) from the SCM forced as in configuration 2 (blue), configu-
ration 3 (green) and with relaxation to sondes (red).
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Figure 7: Comparison with surface observations (black) from the SCM forced as in configuration 2 (blue), configu-
ration 3 (green) and with relaxation to sondes (red).
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Figure 8: Comparison with surface observations (black) from the SCM forced as in configuration 2 (blue), configu-
ration 3 (green) and with relaxation to sondes (red).
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Figure 9: Comparison with initial sonde profile (black) from the SCM forced as in configuration 2 (blue), configu-
ration 3 (green) and with relaxation to sondes (red).
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Figure 10: Comparison with sonde profiles (black) from the SCM forced as in configuration 2 (blue), configuration
3 (green) and with relaxation to sondes (red).
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Figure 11: Comparison with sonde profiles (black) from the SCM forced as in configuration 2 (blue), configuration
3 (green) and with relaxation to sondes (red).
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Figure 12: Comparison with sonde profiles (black) from the SCM forced as in configuration 2 (blue), configuration
3 (green) and with relaxation to sondes (red).
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Figure 13: Comparison with surface observations (black) from the Met Office (cyan) and ECMWF (orange) SCM
forced as in configuration 2 but without specifying u∗, and from the Met Office SCM as in configurations 2 (blue)
and 3 (green).
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Figure 14: Comparison with sonde profiles (black) from the Met Office (blue) and ECMWF (orange) SCM forced
as in configuration 2 but without specifying u∗, and forced as in configuration 2 from the standard Met Office SCM
(green), with enhanced entrainment (cyan) and suppressed entrainment (purple).
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Figure 15: Comparison with sonde profiles (black) from the Met Office (blue) and ECMWF (orange) SCM forced
as in configuration 2 but without specifying u∗, and forced as in configuration 2 from the standard Met Office SCM
(green), with enhanced entrainment (cyan) and suppressed entrainment (purple).
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Figure 16: Comparison with sonde profiles (black) from the Met Office (blue) and ECMWF (orange) SCM forced
as in configuration 2 but without specifying u∗, and forced as in configuration 2 from the standard Met Office SCM
(green), with enhanced entrainment (cyan) and suppressed entrainment (purple).
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