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Abstract

Terrestrial vegetation affects the atmosphere through both biogeochemical
and physical processes. Radiative forcing is affected by carbon uptake and re-
lease, while albedo, evapotranspiration, and surface roughness also depend on
vegetation. In Earth system models (ESMs), vegetation growth is often represent-
ed by prognostic simulations of the leaf area index (LAI). MIROC-ES2L, an ESM
version of the MIROC climate model, simulates a larger El Niflo-Southern Oscilla-
tion (ENSO) amplitude compared to simulations that prescribe observed LAL

To investigate the cause of this enhanced ENSO amplitude in MIROC-ES2L, we
compared the feedback processes contributing to El Nino growth in two experi-
ments: one with observed LAI and the other with model-prognosed LAI The
prognosed LAI experiment showed stronger zonal advection, Ekman, and meridi-
onal advection feedbacks, associated with warmer sea surface temperatures
(SSTs) in the eastern equatorial Pacific.

Sensitivity experiments were conducted to identify the regions where LAI con-
tributes most significantly to SST changes. These experiments constrained LAI to
observed values in specific regions, while using model-prognosed values else-
where. The results show that the ENSO amplitude is particularly sensitive to LAI
over South America, where the model overestimates LAI along the west coast.

We conclude that the underlying mechanism is as follows: increased LAI over
South America induces surface cooling due to enhanced latent heat release. This
modifies the tropospheric circulation, weakening the local Walker circulation
over the Andes and consistently altering the SST distributions. The resulting SST
warming off the coast of Peru enhances the convective response to SST anoma-
lies, strengthening the effective Bjerknes feedback and amplifying ENSO.
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MIROC-ES2L LAl s interactively simulated with VISIT-e.

El Nino-Southern Oscillation (ENSO) is more pronounced when LAI is
simulated. We tested different LAI settings under
the Pre-Industrial boundary condition to clarify
"""""""""""""""""""""" the reason.
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Prescribed vs. Interactive LAI

El Nino composite analysis
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e El Nino composites were analysed for each
simulation.

» Differences in the El Nino growth rate were
attributed to zonal advective, Ekman, and
meridional advective feedbacks.

e Anomalous SST warming and the associated
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convective response were stronger in the interactive

LAI simulation, especially in the eastern

equatorial Pacific, where convection is typically

suppressed by cold SST.

Composite of the temporal evolution of El Nino SSTA and ZA feedback
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VISIT-e successfully captures the basic characteristics
of the global LAI distribution, although regional over-
estimates and underestimates are observed.

Land surface temperature is directly affected by
LAI but the direction of the effect varies by region.

The mean SST in the equatorial Pacific is warmer in
the simulation with interactive LAI, and the local
Walker circulation over the Pacific is consistently
weaker.
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Sensitivity experiments

Model-derived LAI climatology
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Replacing LAI by region
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 The model-derived LAI climatology was applied only
to certain land areas, while the MODIS-based observa-
tional climatology was used for the remaining areas.

* When applied to South America, the model-derived
LAI resulted in the largest standard deviation of the
Nifno 3 index.

* In contrast, North America, Southeast Asia, and Africa
showed negative effects.
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* As the LAI over South America was increased (de-
creased), the mean SST in the eastern tropical Pacific
increased (decreased), and the local Walker circula-
tion was consistently weakened (strengthened).

* Onland, anincrease (decrease) in LAI led to a cooling
(warming) of the land surface.

* The cooling was more pronounced in dry regions
(where evapotranspiration is originally low), while the
warming was more pronounced in humid regions
(where evapotranspiration is originally high).
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Discussion and Conclusions

 Prescribed LAI vs. Interactive LAI:

» The SST anomaly and the associated convective response over the cold
tongue region were enhanced in the climate simulations with the interactive-
ly prognosed LAI, than with the prescribed LAI based on observations.

- Warmer SST and weaker local Walker circulation in the mean field over the
eastern equatorial Pacific supported stronger convective feedbacks.

- There were LAI overestimates and underestimates at the regional level, and
this affected land surface temperature.

*» Model-derived LAI climatology simulations produced strong El Nihos, as did
the interactive LAI simulation.

» Replacing LAI by region, SST variability in the eastern equatorial Pacific showed
the greatest sensitivity to South American LAL.

» Sensitivity experiments with increasing and decreasing South American LAI
showed that:

= More LAI in tropical South America leads to more evaporative cooling and a
cooler land surface.

- Local Walker circulation over Amazon and eastern equatorial Pacific
weakens when increasing South American LAL

» Based on the results above, we conclude the following mechanism: An increase
in LAI along the west coast of South America leads to surface cooling due to
enhanced latent heat release. This cooling alters the tropospheric circulation
by weakening the local Walker circulation over the Andes. As a result, SST
patterns shift, with warming occurring off the coast of Peru. This warming
intensifies the atmospheric convective response to SST anomalies, which in
turn strengthens the effective Bjerknes feedback and amplifies ENSO.

Vegetation Height Setting
used in MIROCG6

Problems with canopy height
and land-atmosphere coupling

 Land cover is fixed based on observations
in both the AOGCM and ESM versions of
MIROC.

» Vegetation height is given as a constant 0
depending on the land cover.
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Observational Global Vegetation Canopy

 Bulk coefficients for momentum, heat, Height (Tolan et al. 2024)

and moisture exchange are calculated as
a function of LAI, canopy height, and
lowest model level height of the
atmosphere (based on Watanabe 1994).

* The lowest model level height in MIROC is
about 20 m, which is much lower than the
canopy height of a tropical forest.

Theoretical Bulk Coefficient
Under Stable Conditions
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