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Multilayer soil and interactive vegetation – 

A case study using REMO in Mainland Southeast Asia

Model runs (0.11° x 0.11°, 29 vertical layers, year 2001)

Simulation Details Soil scheme Vegetation Reference

REMO v2015 Bucket (Fig. 1) Static, monthly prescribed Jacob et al. (2012)

imove - Bucket Interactive Wilhelm et al. (2014)

5L - 5 Layer (Fig. 1) Static, monthly prescribed
Hagemann & Stacke (2015), 

Abel (2023)

5L2 - 5 Layer, improved input data Static, monthly prescribed Abel (2023)

5L2_imove_com

Combining new soil and 

interactive vegetation the 

schemes

5 Layer, improved input data Interactive -

5L2_imove2

Advanced coupling of the 

schemes, currently not 

working (Fig.3)

5 Layer, improved input data Interactive -

Fig. 1: Soil hydrological sche-

mes in REMO: Bucket scheme

(Manabe 1969, left) and 5-

Layer-scheme (Hagemann &

Stacke 2015, Abel 2023, right).

Bucket scheme:

➢ Root depth = depth of bucket

➢ Soil moisture is equally distributed

➢ Bare soil evaporation (EBSOIL) from top 10

cm

5-Layer scheme:

➢ Vertical water movement (1D Richards

equation)

➢ Consideration of soil hydrological parameters

➢ Depth of appr. 10 m or depth to bedrock

➢ Water below root zone

➢ Water for transpiration from root zone

➢ EBSOIL from top layer

Soil hydrological schemes

Fig. 2: Study area (MSEA) and subregions of

CORDEX-SEA (Tangang et al. 2020).

Study area

Validation data

Dataset Variable(s) Resolution Reference

MODIS v6.1 LAI 0.5°, 8-daily Myneni et al. (2021)

GLEAM v3.5a EVAP 0.25°, daily Martens et al. (2017)

ERA5Land T2M, T2MX 0.09°, hourly Muñoz-Sabater et al. (2021)

Spatial behavior of Evapotranspiration 

Fig. 5:

Left: Kernel Density Estimation of Evapotranspiration over MSEA

in comparison with GLEAM (grid-point-based).

Right: Spatial differences of LAI over MSEA in comparison with

GLEAM.

Spatial differences of LAI

Fig. 4: Spatial differences of LAI over MSEA in comparison with MODIS.

➢ 5L2_imove_com displays a medium LAI

between 5L and imove despite the

prescription in 5L

➢ Over- and underestimations are dominated

by topography

Fig. 3:

Left: Time series (2000-2001) of LAI in different

REMO-simulations over MSEA against MODIS

(left). Due to a spin-up, solely the second year

(gray area) is further analyzed.

Right: Taylor Skill Score (TSS) of LAI for

different simulations and different subregions over

the gray period where MODIS data is available

(n=42).

Comparison of LAI – time series

➢ imove underlies spin-up which is reduced in 5L_imove_com

➢ Improvement of LAI due to interactive instead of static vegetation and consideration of PFTs

➢ Overestimation in 5L_imove_com but better representation of annual cycle → Deeper roots

might provide more water

→ Reason for overall higher TSS

➢ General underestimation of EVAP by REMO

➢ 5L2 with most similar shape

➢ 5L2_imove_com with highest values

➢ imove improves EVAP in high mountain

areas

➢ Higher resolved and better static data

(SoilGrids instead of FAO77, rooting

depth from imove) in 5L2 lead to

improved EVAP simulation and spatial

heterogenizations

➢ 5L2 lowers dependency of EVAP on

orography
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Fig. 6: Top: Spatial differences of T2M over MSEA in comparison with ERA5Land. Bottom: Same as top but for T2MX.

T2M:

➢ 5L and 5L2 

decrease T2M

➢ imove also leads to 

a decrease 

compared to REMO

→Too cool conditions 

in 5L2_imove_com

T2MX

➢ Decrease of T2MX 

with multilayer soil

➢ Increase with imove

→ is not balanced 

in 5L2_imove_com

→ T2MX like in 

REMO but contains 

more spatial details

➢ Better representation of LAI in imove, improved temporal behavior in 5L2_imove_com → increase due 

to deeper roots?

➢ Orographic dependency of LAI bias

➢ EVAP is strongly underestimated, multilayer soil and interactive vegetation show improved spatial 

representation

➢ T2M decrease with multilayer soil and imove, T2MX decrease with multilayer soil but increase with 

imove

➢ Improved spatial representation

→ Combining both schemes leads to promising results and adds value due to the inclusion of further 

processes compared to REMO or the usage of a single scheme and more spatial details

Conclusion
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