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Introduction and approach

Biases in land-atmosphere coupling in climate models can
contribute to large errors in climate prediction, but land models
are rarely evaluated in the context of this coupling.

We tested land-atmosphere coupling and effects of land surface
parameters in a single-column version of the NCAR Community
Earth System Model (CESM1.2.2) and offline CLM4.5.

CLM/CESM Experiments

Default LAI climatology

Fig. 1 (right) The correlation
between LAI and EF was Default
substantially underpredicted e ;:ed’“f”;[’lzf“;'ﬂzctda”:":fj el reflectance
compared to observations,

while the correlation between
soil moisture and EF was
overpredicted by CLM4.5. This
coupling was improved by
prescribing observed LAI,
increasing soil and decreasing
vegetation resistances to
evapotranspiration (ET), and
increasing leaf reflectance.
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Fig. 3 (above): The modifications to CLM4.5 reduced RMSE in
daytime 2 m air temperature from 3.6 to 2°C in summer (JJA),
and reduced RMSE in total JJA precipitation from 133 to 84 mm.
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The parameters had the largest effect on summer drought in
2006, when a warm bias in daytime 2 m air temperature was
reduced from +6°C to -1.3°C, and a corresponding dry bias in

total JJA precipitation was reduced from -111 mm to -23 mm.

Fig. 4 (below): Land parameter changes yielded similar climate
prediction improvements regardless of the initialization date.
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Fig. 5 (below). Daytime 2 m air temperature for JJA of 2006, for
the three CESM experiments with (a) default CLM, (b) modified
LAl and leaf reflectance, and (c) modified LA, reflectance,
stomatal conductance, and soil resistance. (d-f) As in (a-c), but
for daily precipitation totals. (g-i) As in (a-c), but for EF.
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The primary control on EF shifted from soil to vegetation

between the default and modified CESM, and this change

reduced the problem of excessively warm daytime temperatures

in dry periods having depleted near-surface soil moisture. These

results indicate that the role of vegetation in droughts and

heat waves may be underpredicted, and improvements in
land models can improve prediction of climate extremes.

Conclusions
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Fig. 6. The modified CLM increased vegetation latent heat flux,

which led to higher relative humidity and a feedback on soll

moisture that led to higher soil latent heat flux.
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was overpredicted.

Summer climate prediction is significantly influenced by the
representation of land surface forcing in a single-column version
of CESM1.2.2. Seasonal climate extremes were affected by the
partitioning of ET into soil evaporation and transpiration, and by
how this partitioning changes in wet and dry summers.
Increasing the soll resistance to evaporation and increasing the
minimum stomatal conductance greatly improved modeled land-
atmosphere coupling, and had a positive impact on summer
precipitation and surface temperature prediction.
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